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ABSTRACT 
 
In a globalised and spatially fragmented production system, the seamless integration of product 
design and development is a key strategy for firms to meet Just-in-Time customer demand.  
Firms’ capacity to alter products at a short notice to fulfil an uncertain and highly diverse 
customer demand requires building agile supply chains, which should be highly responsive, 
transparent, and structurally aligned. Thus, analysing and modeling the relationship between supply 
chain and product characteristics are the key focus of recent supply chain management research. 
Most studies, however, have either concentrated on examining the relationships between supply 
chain and product demand or supply chain and product design. While the first perspective argues the 
necessity of matching the characteristics of supply chains to the characteristics of product demand; 
whereas the second perspective places greater emphasis on aligning a supply chain with product 
design characteristics to improve supply chain performance.  
To date, there is no empirical study that has simultaneously examined the alignment of supply 
chain with product demand and product design. The extent and characteristics of this alignment has 
therefore remained unanswered. Understanding the combined impact of product demand and product 
design on supply chain as interlinked factors is critical to the improvement of supply chain alignment 
–– a strategic fit or the appropriateness level of supply chain ––  to align with the complexity of 
product demand and design characteristics.  
To address this gap,  the main research objectives of this thesis are: i) to identify the key 
characteristics of product demand and product design, which impact on the supply chain complexity; 
and ii) to examine the extent to which supply chains are aligned with product characteristics, 
considering the simultaneous role of product demand and design. 
Building on supply chain complexity research and drawing from previous studies on supply 
chain alignment theory, this thesis develops and then empirically examines an alignment-based model 
to establish the impact of product characteristics on supply chain complexity. Using the Hieber’s 
approach, this thesis measures supply chain complexity through three key constructs – complexity in 
coordination, configuration and collaboration of supply chain. This model investigates whether higher 
product demand and/or design complexity leads to higher supply chain coordination and/or 
configuration complexity and lower collaboration complexity.  
This thesis adopts a survey based quantitative approach. Survey questionnaires are first 
administered to a panel of experts; followed by a pilot study to improve upon the study design prior to 
conducting full-scale research Data is collected from a cross-industry sample of 273 Australian 
manufacturing firms. Using a structured equation technique, both the measurement and structural 
models are developed. Internal consistency of data and the discriminant and convergent validity of 
measurement models and individual constructs are assessed. The structured model explains 65 per 
cent of the variance in supply chain collaboration, 71 per cent for supply chain coordination and 33 
iii 
 
per cent for supply chain configuration, providing evidence of significant relationships between 
product demand and design characteristics and different constructs of supply chain complexity. 
The five key findings of the SEM include:  
 Firstly, the product demand volatility, life cycle, modularity and product innovativeness 
are the key factors impacting on supply chain complexity.  
 Secondly, the product demand volatility has the highest statistically significant impact on 
supply chain collaboration complexity; whilst the product innovativeness has the highest 
significant effect on supply chain coordination complexity.  
 Thirdly, product design characteristics have insignificant direct impact on the complexity 
of supply chain collaboration. They however indirectly influence firms’ supply chain 
collaboration through the mediating role of coordination complexity.  
 Fourthly, the product variety has no impact on supply chain complexity––which 
contradicts the findings of previous studies. 
 Fifthly, in the context of alignment framework, higher product demand and product 
design complexity requires a supply chain with higher coordination complexity and 
lower collaboration complexity. 
Organisations with products having greater demand and design complexity are suggested to 
reduce their supply chain coordination complexity by improving information sharing and integrated 
planning managed by strategic centres. This serves the purpose of aligning their operations to reduce 
collaboration complexity and strategically re-direct their resources to enhance the supply chain 
performance.  
This research extended the supply chain alignment theory by integrating both the product 
demand and design as interrelated constructs in explaining supply chain complexity. The research 
developed a new measurement framework to examine the levels of complexity in supply chain using 
the Hieber’s (2002) conceptual framework and established its relationships with product design and 
demand. A supply chain alignment framework is also developed to conceptualise and empirically 
examine the simultaneous impacts of product demand and product design on supply chain complexity 
using a structured equation modeling technique.  
This thesis concludes with a statement that complexity is not a negative feature of global supply 
chains. It is an outcome of the complexity of product demand and product design. Some products 
require more complex supply chains while others create much simpler structure. More complex 
products create a more complex supply chain, and it requires higher levels of coordination, 
collaboration and configuration. Complexity therefore is an inherent characteristic of the supply chain 
which, as argued in this thesis, can be managed through aligning supply chain with product 
characteristics. An appropriate level of alignment can reduce supply chain costs, enhance efficiency 
and help improving supply chain performance.  
The alignment framework developed in this thesis provides industry practitioners a methodology 
to assess the level of supply chain complexity for their products and a set of strategies to align supply 
chains to optimise predictable or unpredictable demand patterns and design requirements. The 
framework is also a decision support strategic tool to evaluate supply chain collaboration, 
coordination and configuration complexity at different levels according to the complexity of product 
demand and design characteristics. 
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1.1 INTRODUCTION  
This thesis builds on the supply chain alignment framework and investigates the extent to 
which product characteristics drive the supply chain coordination, collaboration and 
configuration complexity. In particular, the impact of product demand and product design and 
their simultaneous impact on the supply chain complexity are examined. An overview of the 
research direction and problem statement is outlined in section 1.2. Section 1.3 discusses the 
role of product demand and design and their impact on supply chain complexity. 
Building on the research rationale presented in section 1.3, research objectives are developed 
in section 1.4, followed by the research methodology in section 1.5. The research 
contributions and thesis structure are outlined in section 1.6 and section 1.7 respectively. 
1.2 PROBLEM STATEMENT 
In the 21st century, companies are facing challenges from their competitors and customers to 
reduce costs, improve service quality and enhance customer satisfaction (Roh et al., 2014). 
Globalisation is driving companies to shorten production and delivery lead times and to offer 
a variety of products at lower prices. Consequently, product life cycles are shrinking and 
product ranges are expanding to offer consumers more choice (Gmelin & Seuring, 2014).The 
key objective to at least maintain or increase market share is increasingly becoming difficult 
in a globalised competitive market.  
Global supply chains offer cheaper resources to companies, and have extended market 
opportunities by expanding into a larger global market (Roh et al., 2014). Despite these 
benefits, the transformation of supply chain structures from simple local supply chains to 
global supply networks, leads to many business uncertainties and supply chain risks. 
Moreover, globalisation has resulted in a high and more diverse demand in different regions 
of the world (Connelly et al., 2013). Greater diversity and volatility of customer demand are 
driving manufacturing firms to produce more variety of products instead of same type of 
product on a large scale. This change in production has potentially contributed to declining 
product life cycles. Rapid technological improvements along with intense competition have 
also resulted in more innovative products, which is now a key feature of manufacturing 
firms’ value propositions (Oke et al., 2013).  
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Whilst the above aforementioned trends have many benefits for customers, although it could 
cause a range of supply chain management challenges including causing volatile demand, 
time compression and increasing complexity. Arguably, these changes, which are bringing 
more uncertainty and complexity for the demand and supply side of the network, could 
potentially impact on the performance of supply chain operations (Wilding, 1998a).  
In order to respond to these trends and improve performance across the extended enterprise 
(Jagdev & Browne, 1998), manufacturing companies have developed operational strategies to 
remain competitive in the global market (Gunasekaran et al., 2008). Agile (Christopher, & 
Towill 2000; Mason-Jones et al., 2000b; Huang et al., 2002), leagile (Naylor et al., 1999; 
Mason-Jones et al., 2000a; Childerhouse & Towill, 2006), quick response (Sabath, 1995; 
Gunasekaran & Ngai, 2005), integrated (Stevens, 1989; Stevens, 1990; Cooper et al., 1997) 
and seamless (Towill, 1997) are common supply chain strategies developed to enable 
companies to operate in a more flexible, time-compressed supply chains and quick response 
business environment.  
Most studies in the area of the supply chain (e.g. Gunasekaran et al., 2008; Lo & Power, 
2010; Christopher & Ryals, 2014; Roh et al., 2014) have highlighted product demand and 
design characteristics as the differentiation point between these strategies. Hence supply 
chain design and strategy should be aligned with product demand and design characteristics. 
This is because product demand and product characteristics can greatly influence supply 
chain complexity. Different products with various market demands could have different 
characteristics. In each environment, the supply chain complexities could differ considerably. 
Employing the same supply chain strategy in each context is unlikely to achieve the same 
results. The people responsible for designing those supply chains and selecting the most 
appropriate strategy are faced with an array of variables as inputs in their decision-making. 
Identifying the product and demand characteristics that impact on supply chain complexity 
under certain conditions, can help supply chain practitioners select the most appropriate 
supply chain design and strategy to manage the projected complexity and optimise supply 
chain performance. Furthermore, the mechanism through which product demand and design 
is associated with the supply chain has not attracted much attention. Most studies on the topic 
of supply chain have only focussed on its alignment with product demand characteristics ( 
e.g. Fisher, 1997, Lee 2004; Christopher, & Towill 2000; Gunasekaran et al., 2008; Lo & 
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Power, 2010). More recently, few studies such as Pero et al, (2010) and Marsillac & 
Roh, (2014) analyse the alignment of the supply chain with product design characteristics 
However, no research has yet investigated the simultaneous impact of product demand and 
design on supply chains. 
In summary, global supply chains are becoming complex. Manufacturing firms are required 
to adapt to this ever-increasing complexity of global supply chains. In order to manage this 
complexity, aligning supply chain design, operations and management with product demand 
and design characteristics has been the main focus of many researchers and practitioners (e.g. 
Fisher, 1997, Lee 2004, Gunasekaran et al., 2008; Lo & Power, 2010; Christopher, 2012; Roh 
et al., 2014). However, to date work has been limited on developing an integrated framework 
that captures this alignment from both product demand and design perspectives.   
1.3 RESEARCH RATIONALE 
So long as the major task of extended enterprises is fulfilling customer demand (Childerhouse 
& Towill, 2006), the definition of ‘supply’ chain management is shifting towards ‘demand’ 
chain management. The seminal study emphasising the importance of product demand 
characteristics and its role in supply chain design was published by Fisher in 1997. Fisher 
found that firms should select their supply chain strategies based on the demand for their 
products. Fisher (1997) states that products based on their demand fit into two main 
categories, either ‘functional’ or ‘innovative’. Functional products need an efficient supply 
chain in which the main purpose is to reduce the cost of the supply chain. On the other hand, 
there are innovative products within market responsive supply chains that concentrate on 
flexibility and reducing lead-time regardless of cost (Fisher, 1997).  
This approach has had its critics (e.g. Heikkilä, 2002; Lo & Power, 2010). It has been argued 
that merely aligning supply chains with market characteristics is overly simplistic (Heikkilä, 
2002). Categorising products into two discrete type is also  not feasible for many products 
(Lo & Power, 2010). Lo and Power (2010) found such classification problematic since many 
firms consider their products to be a hybrid of both functional and innovative features. They 
argue that this is most likely a direct result of increasingly volatile market demand. 
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As customers demand greater choice, formerly functional products (e.g. cars) are becoming 
more innovative (Oke et al., 2013). Lo and Power (2010) also argue that there are other 
factors that affect supply chain strategy rather than just product demand. This is confirmed by 
a discussion on hybrid products by Pagh and Cooper (1998) and Huang et al. (2002). 
Classifying products into three types –– innovative, functional and hybrid –– Pagh and 
Cooper (1998) also acknowledge that firms’ supply chain strategies are based on a 
combination of market and product characteristics.  
Product design characteristics also have major influence on supply chain design and planning 
(Novak & Eppinger, 2001; Salvador, 2002; Fixson, 2005; Caridi et al., 2010; Hashemi et al., 
2011). To date, there is scant literature on this topic, particularly the attempts to empirically 
evaluate the relationships between product design and supply chain design and planning 
(Khan & Creazza, 2009; Caridi et al., 2009; Pero et al., 2010). However, a general 
concurrence within this body of literature suggests that closer cooperation between product 
designers and supply chain management functions enhances the performance of supply 
chains and reduce risk and uncertainty. 
Salvador et al. (2002) assert the interdependence of product, process and supply chain design. 
However, they also suggest that little is known about how product, process and supply chain 
design arrangements should be coordinated to improve overall supply chain performance. 
They suggested that choosing the right level of product modularity based on manufacturing 
characteristics (production variety and volume) would enhance firms’ overall performance.  
Although businesses can benefit considerably by considering product and process design 
attributes in supply chain design decisions, it has been argued that this will make supply 
chain design more complex (Blackhurst et al., 2005). From a more holistic perspective, Khan 
et al. (2008) contend that product design is not merely an artistic task, but a tool to manage 
the supply chain risk. The impact of product design on supply chain risk is even more 
significant in industries where product design acts as a competitive advantage such as fashion 
(Khan et al., 2008). Khan and Creazza (2009, p. 301) state that the supply chain “begins at 
the drawing board”, but there are very little consideration on incoporating the impact of 
product design on the supply chain. They found that adopting such a perspective may 
facilitate the product development process, reduce supply chain risk and disruptions, and 
reinforce supply chain agility.   
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Caridi et al. (2010) investigated the impact of new product development projects on supply 
chain complexity. The current research argues that product innovativeness influences the 
supply chain structure.  Hence, supply chain managers must reengineer their supply chains 
based on the level of product and process innovativeness (Caridi et al., 2010). Pero et al., 
(2010) extended the work of Caridi et al.’s (2010) by including product variety and product 
modularity as product characteristics that may affect supply chain complexity They argue that 
in order to have successful new product development (NPD), product design variables (i.e. 
product innovativeness, product modularity and product variety) must be set at levels that 
minimise supply chain complexity. Furthermore, due to the significant impact of product 
design on supply chain it is suggested that supply chain complexity should be adjusted to 
product design characteristics (Pero et al., 2010; Abdelkafi et al., 2011).  
This burgeoning body of research highlights the significant impact of product design on 
supply chain design and planning in different industries, especially in fast growing industries 
with short product life cycles. However, those studies neglect the simultaneous impact of 
demand and product design on supply chain decisions. There is a need for a framework that 
captures both product demand and design characteristics’ impact on supply chain complexity. 
Most research investigating the impact of product demand or design has adopted a conceptual 
or case study approach. This study addresses this gap by conducting an empirical 
investigation of the factors (i.e. product design and product demand) driving supply chain 
complexity. 
1.4 RESEARCH AIM AND OBJECTIVES 
The main objective of this thesis is to develop a supply chain alignment framework by 
establishing the relationships between the elements of supply chain complexity with product 
demand and product design. More specifically: this research aims 
 Firstly, to identify key characteristics of product demand and product design 
impacting on the supply chain complexity; and  
 
 Secondly, to examine the extent of alignment of supply chain with product 
characteristics considering them in simultaneous relationship with product demand 
and design.  
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1.5 RESEARCH METHODOLOGY 
This study attempts to initially identify the main product demand and design characteristics 
impacting on the supply chain complexity. Then by adopting a quantitative approach it 
examines the simultaneous impact of these characteristics on supply chain complexity. This 
research adopts Hieber’s (2002) trans-corporate logistics view to measure the levels of supply 
chain complexity, which is measured through collaboration, coordination and configuration 
complexity. Also based on the extensive literature review, product modularity, product 
structure complexity and innovativeness are used as constructs of product design. Product 
demand volatility, product life cycle, and product variety are the constructs that represent 
product demand characteristics. 
This study is built on two key inter-linked supply chain viewpoints. Firstly, the perspective of 
supply chain alignment from the strategic viewpoint argues for the alignment of supply chain 
with product design and product demand to manage the levels of supply chain complexity. 
Secondly, the supply chain complexity perspective is used to understand the role of product 
demand and design characteristics as a source of supply chain complexity. Combining the 
alignment and complexity perspectives provides the foundation for establishing the 
theoretical framework of this thesis. 
A quantitative approach has been adapted to measure constructs and establish the relationship 
between product demand, product design and supply chain complexity. After obtaining 
relevant research ethical approvals, an online survey of managers involved in supply chain 
operations from 273 Australian manufacturing firms is administered. Various descriptive and 
analytical statistical techniques are applied to explore the research objectives and empirically 
examine and evaluate the proposed theoretical model. 
Two main assumptions are made in regard to this research. First assumes that managers can 
provide accurate responses with reference to their business, particularly about their supply 
chain operations. Second assumes that different types of industry do not exhibit different 
responses and have insignificant influence on the research outcomes. However, the type of 
industry is not a selection criterion and the survey involves only the manufacturing sector. 
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1.6 SIGNIFICANCE OF THIS STUDY 
This study bridges a research gap by proposing and then examining a supply chain alignment 
model that evaluates the key drivers of supply chain complexity. The model includes both the 
antecedent factors that cause these complexities from product demand characteristics 
(downstream factors) and design characteristics (upstream factors). 
This research contributes to the current supply chain research filed in a variety of ways. 
Firstly, it may shed light on how alignment of supply chains with product demand and design 
characteristics can contribute to optimising supply chain complexity. Secondly, it synthesises 
preceding fragmented research on supply chain alignment theory by integrating both product 
demand and product design perspectives; empirically examines the impact of product demand 
on supply chain complexity and compares this to the impact of product design on supply 
chain complexity. Thirdly, by utilising the analytical power of structural equation modeling 
(SEM), the relationships between product characteristics and supply chain complexity will be 
established and the conceptual framework founded upon the theory of supply chain alignment 
and supply chain complexity will be empirically tested and validated. Finally, by introducing 
a validated measurement model, this study may enhance the understanding of supply chain 
complexity alignment to measure the product demand and design impacts as the antecedent 
factors. Results of this study can benefit practitioners to assist them in investment decisions 
and to be able to benchmark their supply chain complexity in terms of its alignment with 
product characteristics. 
1.7 THESIS STRUCTURE 
The structure and organisation of this research is illustrated in Figure 1.1. This thesis contains 
nine chapters. First chapter provides an overview of the entire thesis. Secondly, the literature 
review on supply chain complexity and its antecedents is presented in Chapter 2. Supply 
chain alignment perspective is the focus of Chapter 3, which helps develop the theoretical 
framework for this thesis. Building on the two literature reviews, a comprehensive 
measurement model for supply chain alignment with product characteristics and their 
influence on the supply chain complexity of firms is developed in Chapter 4. In Chapter 5, 
the research methodology is discussed. Data preparation and instrument validation are 
performed in Chapter 6 (check this again). This is then followed by the measurement model 
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and structural equation model assessment and hypotheses testing and analysis in Chapter 7. 
The research findings are presented in Chapter 8. Finally, in Chapter 9, the key research 
findings and objectives are revisited, followed by a discussion on the contributions, 
limitations of this thesis and suggested future avenues of research.  
10 
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7.2 Confirmatory Factor Analysis
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1.8 SUMMARY 
Research background and the research rationale are outlined and discussed in this chapter. In 
summary, while product demand and design play a critical role in supply chain planning and 
management, little is known about their simultaneous impact on supply chain complexity. In 
addition, in order to manage and optimise the supply chain complexity, there is no 
empirically tested model to align the supply chain with product demand and design 
characteristics.  
This study draws from the supply chain alignment concept and investigates which and to 
what extent product characteristics can drive supply chain coordination, collaboration and 
configuration complexity. Chapter 1 introduces the objectives of the research deriving from 
the theoretical background and research rationale. Followed by a discussion on the research 
methods employed and finishing with the outline of the thesis structure. 
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CHAPTER 2: SUPPLY CHAIN & COMPLEXITY   
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2.1 INTRODUCTION 
Supply chains are becoming increasingly complex and this is having a detrimental impact on 
some stakeholders and the system generally. Chapter 2 attempts to answer the three below 
main questions: 
 What is supply chain complexity? 
 What are the main drivers of supply chain complexity? 
 What is the best approach to measuring the supply chain complexity?  
Consequently, this chapter first explains the transformation of supply chains from simple flat 
chains to complex networks. It also looks at some of the drivers of supply chain complexity 
including those relating to planning and forecasting, procurement, production and 
distribution. The focus then shifts to defining supply chain complexity from a theoretical 
perspective and discusses this from the perspective of supply chain collaboration, 
coordination and configuration complexity. Then we discuss how supply chain complexity 
has been used as a method to measure the supply chain design. The chapter concludes by 
proposing a probable cause for how supply chain complexity translates into inefficiencies in 
the system and poor supply chain performance, and raises the research questions that are 
central to this work.  
2.2 GLOBAL SUPPLY CHAINS 
Global supply chains have offered competing firms cost reduction opportunities through 
cheap sources of labour and raw materials, and have extended market opportunities by 
expanding into global markets. Conversely, however, many uncertainties and risks arise. The 
current trend of increasing supply chain partners raises serious concerns about disruptions 
and failures occurring in supply chain operations (Fisher 1997). Toyota Motor Company has 
more than 340 suppliers worldwide. These suppliers cater for more than 52 manufacturing 
plants outside of Japan on five continents in which they produce more than six million 
automobiles involving a hundred models per year (Toyota in the World, 2013). This spread 
and number of suppliers and manufacturing plants illustrates the interdependence of Toyota 
and other companies with all its implicit operational complexities.  
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Excessive product proliferation will lead to more production, logistics and operations 
resources and can lead to higher costs and waste. Product proliferation has been widely 
referred to as a source of complexity in supply chain (Lambert et al., 2006). Hence 
understanding the underlying antecedents of supply chain complexity is critical for supply 
chain managers to control the complexity at an optimised level. Globalisation has resulted in 
different types and levels of demand throughout the world, to which companies have to 
respond. For example, in the automobile industry in Australia, demand is for high value four-
wheel drive vehicles. In contrast, small cars with low total-life costs are popular in India. 
Companies are increasingly forced to use customisation and variety to achieve customer 
satisfaction and to outperform their competitors (Christopher, 2011). Some examples include 
global diversification of Toyota’s supply chain based on local customer preferences for cars 
in Australia and India; and McDonalds’ altering its product range for the Indian market. 
These varying demands for different varieties of products in different countries will lead to 
more complex manufacturing and supply chain operations (Sahin & Robinson, 2005). 
Traditionally, having a large variety of products has appealed to an equally wide variety of 
customers. Such effect has been known to impact on the sheer volume to customers who are 
exposed to a company’s products, increased revenue, and risk reduction through 
diversification. That has led many companies to increase their product variety. Due to the 
strong competition between companies especially in the fast moving consumer goods 
(FMCG) sector, the product design time, production time and delivery lead time have 
declined significantly. Cumulatively, these factors have contributed to the complexity of 
supply chains, which are trying to keep pace with dynamic changes in the supplier-buyer 
landscape. The trend in declining product life cycles is closely associated with the increasing 
tendency to produce a variety of offerings. Once again, strong competition in the marketplace 
and the need of maintaining market share, has led companies to offer a wide variety of 
products characterised by short life cycles. The short product life cycle is another aspect 
associated with supply chain complexity. 
More innovativeness in product design is also closely linked to product variety offerings and 
short product life cycles (Hu et al., 2008). Companies constantly have to innovate and offer 
new product designs that will be more distinctive in a competitive market. Apple iPods lost 
their attraction when Apple itself and its competitors introduced smartphones and tablet 
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concepts. A camera, the once important competitive factor in the mobile phone market, is no 
longer a differentiating aspect as almost all smart phones and tablets have a camera included 
as a basic feature. The changes in this market demonstrate rapidly changing customer 
demands often triggered by new products introduced by leading brands.  
Most of the above-mentioned changes create extensive benefits for customers in the form of a 
larger variety of products and cheaper costs. However, these trends lead to supply chain 
management problems with an increase in supply chain complexity. Due to the fast paced and 
highly dynamic environment in which businesses operate some of the causes of supply chain 
management problems are change in suppliers, product characteristics, and geographic 
location of materials or stakeholders. These supply chain management problems if mis-
managed can lead to inefficiencies in the system. The next section will discuss the current 
operations environment for global supply chains and explore the complexity drivers.  
2.3 SUPPLY CHAIN COMPLEXITY 
The supply chain as a system, generated from multiple interdependent entities and decisions, 
is a complex phenomenon. Supply chain complexity stems from the numerous interactions 
amongst the processes, functions, people, and organisations in a supply network (Serdar-
Asan, 2013). Supply chain complexity from an interaction perspective has been classified as 
static and dynamic.  
Static complexity refers to volume and diversity of components and strength of interfaces 
between the components. Dynamic complexity refers to the level of uncertainty in the supply 
chain, which encompasses time of occurrence and level of uncertainty (Serdar-Asan, 2013). 
Decision-making complexity involves both static and dynamic variables. Thus, the nature and 
volume of information required and accessed determines the type of decision that is made. 
 Another classification of complexity is based on the origin of complexity. These origins 
include internal, supply/demand interface and external/environmental origins. Internal drivers 
originate from factors within the firm such as products and processes and their design. As 
these drivers are easier to control, they can be easily leveraged.  
Drivers generated within supply/demand interface consist of goods and information flows 
between suppliers, consumers and service providers. These are partially controllable 
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depending on whether and how much they can be influenced and the amount of coordination 
between supply chain partners.  
Power and trust mechanisms become important in this context. Conventionally, firms have 
had no control on external drivers of complexity––for example market trends, regulations and 
other environmental factors. However, aligning supply chain activities according to these 
trends has been widely suggested. Supply chain complexity drivers according to their origin 
are listed in Figure 2.1.  
 
Figure 2.1: Supply Chain Complexity Drivers (Serdar-Asan, 2013) 
Optimising supply chain complexity is necessary because it can potentially impact on 
performance and cost. Still, supply chains should not be too simplified since some degree of 
complexity is necessary to respond to volatile market demand (Hoole, 2006). Equally, supply 
chain complexity can be a source of innovativeness and learning. Therefore, firms should 
investigate the trade-offs of complexity in their supply chains. The main question for supply 
chain managers is what the boundaries of such complexities are. In order to manage 
complexity, finding the drivers of complexity is the first step (Christopher, 2011). The 
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following sub-sections classify and discuss the complexity of supply chain using four 
categories: planning and forecasting, procurement, production and distribution. 
 2.3.1 Planning and Forecasting 
Traditionally, supply chains have been primarily supply-driven and managed based on the 
make-to-stock approach. In such systems the products are manufactured, compiled or 
assembled based on historical demand forecasts. The planning and forecasting are typically 
done based on historical data and using statistical techniques such as regression modeling, 
time series analysis and forecasting or simulation modeling. The quality of projections is very 
important to this system in order to minimise losses. The products are then stored in 
warehouses and dispatched to consumers using a logistics system. Its main advantage is that 
hectic production schedules are minimised, and there is potential to achieve high levels of 
efficiency and effectiveness (Sahin et al., 2013). One of the major disadvantages of this 
system is a relative inflexibility to adjust to sudden changes in market situations. 
In recent years, there has been a transition from make-to-stock to make-to-order systems. The 
make-to-order system is characterised by demand-driven sales orders. Sales orders by the 
customers of clients are translated into production orders, and these orders are then 
dispatched through a logistics system. This system must be more flexible compared to the 
make-to-stock system in order to cater to dynamic sales orders. Furthermore, such systems 
are characterised by being hectic.  
The inventory management needs to align with the sales ordering system so that the demands 
of the customers can be met (van Hoek & Chapman, 2007). That is typically managed 
through inventory management procedures. The inherent risk in the make-to-order system is 
the potential for inefficiency and wastage. The planning and forecasting systems in entities 
which employ the make-to-order system should be characterised by: a strong link between 
the sales order module and production order module; monitoring and reporting of production 
order progress and flexible processing for orders to meet irregular demand; and ability to 
reduce inefficiency and wastage. 
Hugos (2006) laid out the metrics that can be used to measure the performance of make-to-
stock and make-to-order systems. These metrics are important because they provide a deeper 
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understanding of these two regimes. The metrics for both regimes have been classified into 
four classifications––customer service, internal efficiency, demand flexibility, and product 
development. In a make-to-stock regime the customer service metrics include order fill rate 
and order line fill rate, on time delivery rate, value of total backorders and number of 
backorders, frequency and duration of backorders, and line item return rate. In a make-to-
order regime the customer service metrics include quoted customer response time and on 
time completion rate, on time delivery rate, value and number of late orders, frequency and 
duration of late orders, and number of latent defects and repairs. In both the make-to-stock 
and make-to-order regimes the internal efficiency metrics include inventory value, inventory 
return, return on sales, and cash-to-cash cycle time (Hugos 2006). The demand flexibility 
variables include activity cycle time, upside and outside flexibility, while the product 
development metrics include percentage of total sale from products introduced in the last 12 
months, percentage of total SKUs introduced in the last 12 months and product life cycle time 
for new product development and delivery.  
The major difference between the two approaches is that in make-to-order regimes, 
production orders are associated with one or more sales orders, whereas in make-to-stock 
production orders are the result of demand planning and forecasting. Forecasting is based on 
sales prognosis. The choice of production approach depends on the nature of products and 
other factors. Some companies follow the make-to-stock approach, some follow the make-to-
order approach, and some follow a hybrid approach. 
The shift towards make-to-order has involved transforming traditional supply chains into an 
integrated multi-tier multi-channel supply network. That has eliminated information latency 
and unnecessary contact points and, as a result, has resulted in minimising operating costs, 
maximising profitability and enhancing customer service. Some of the key characteristics of 
make-to-order supply chain include: determining the product movement by consumer 
demand and consumption; information about the demand and supply across tiers in real-time; 
optimisation of inventory management; early detection of any demand/supply continuity 
issues; and a single version of information across tiers and channels (Sahin et al., 2008). 
Figure 2.2 illustrates various supply chain strategies and their level of dependence on 
forecasting.  
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Figure 2.2: Evolution from MTS to MTO 
According to Serdarasan (2013), collaborative planning and forecasting helps to reduce the 
uncertainty of dynamic complexity. Application of supply chain collaboration for planning 
and forecasting was endorsed and its successful outcomes were discussed recently by 
Ramanathan and Gunasekaran (2014).  It is evident that product demand characteristics are a 
major factor in such strategies. Sahin et al. (2013) outlined the advantages of rolling horizon 
and multiple layer planning systems of supply chains in dealing with market uncertainties and 
complexities through information sharing and joint inventory replenishment. However, 
despite these advantages, managing the demand-driven supply chain and operations includes 
much more complex operations and requires a more complex management and control 
system. Demand-driven supply chains have to align their planning, procurement and 
replenishment processes with product demand, thus requiring a much more complex supply 
chain coordination system. 
2.3.2 Procurement 
From a procurement perspective, various relationship strategies have an impact on supply 
chain complexity. In the context of a supply chain, the terms ‘arm’s length’ and ‘strategic 
alliance’ are used to describe contractual relationship types emerging between the suppliers 
and their clients/customers. Firstly, arm’s length relationships are characterised by being non-
strategic, low in value, infrequent purchases, and an abundance of capable suppliers (Cox & 
Townsend, 1998). Competitive bidding and constant re-bidding for short-term contracts are 
typical characteristics of this type of relationship.  
F Demand
Forecast Demand
Forecast Demand
Forecast D
Make to Stock 
(MTS)
Assemble to Order 
(ATO)
Make to Order 
(MTO)
Engineer to Order 
(ETO)
U
n
certain
ity
C
o
st
Lead-Time
High
Low
High
Low
Inbound DC Factory Outbound DC Store
20 
 
Furthermore, arm’s length relationship is a more traditional approach to procurement whereas 
strategic procurement is a relatively newer concept. Japanese automotive companies like 
Toyota have been largely credited with encouraging strategic partnerships. According to 
Nyaga and Whipple (2011), the qualitative differences between arm’s length and strategic 
partnerships include increased collaboration between partners. Collaboration may occur via 
in-person social contact and nurturing a mutual atmosphere of goodwill and good faith in 
strategic partnerships. Figure 2.3 exhibits various types of collaborations.  
 
 
Figure 2.3: Evolution from Arm’s Length Relationship to Vertical Integration 
Large companies often need a large number of suppliers and sub-contractors from different 
countries. Such global supply chains are associated with risks and opportunities due to their 
vast scale of operations. Close interaction with suppliers to share the same values is used to 
build a network of trusted suppliers. Risk associated with suppliers is closely watched and 
frequently audited. In the same context, sourcing strategies and collaboration types can offer 
other opportunities. Some opportunities are discussed by Nyaga and Whipple (2011). 
Strategic alliances provide the opportunity to evolve from procurement to cross-functional 
strategy. This approach makes migration from compliance to performance improvement 
possible. Decision-making can also be improved by building on communication technology.  
In the context of global sourcing, the current environment also offers another opportunity for 
substantial cost benefits by transferring risky-high-cost operations to low costing countries 
and forming productive alliances. This trend promotes value, for example, it opens doors to 
new opportunities in different countries that can be leveraged with the support of supplier 
services. By enhancing local presence in developing countries, foundations for further growth 
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in these countries are laid.  That will lead to a great opportunity for achieving supply chain 
excellence with improved quality and service delivery.  
However, it should be noted that such strategies are vulnerable to more risks. Various types 
of risks in supplier alliances have been tabulated (see NZBCSD, 2003). In raw material 
procurement, the issues are: sustainable sourcing of raw materials, parts, etc., use of 
hazardous substances, short-/long-term supply, wastage and packaging, poor working 
conditions and labour standards, supplier dependence and viability, fair price to suppliers, 
inventory levels, local versus overseas sourcing and rising costs. Consumers’ concerns, 
adverse NGO activities, media scrutiny and boycotts leading to bad reputation, product safety 
scare, economic viability due to uncertain supply, inefficient and costly use of resources, 
sustainability of supplier base, negative impact on exports and financial results are all 
possible if these risks actually occur.  
Managing the alliance is important in relation to values, power structure and relationship 
culture to maximise opportunity and minimise risks, while maintaining control and efficiency 
of current management style. These are examined below using three perspectives:   
 Driving customer success - strategic alliance with customers 
 Seeking innovations - Internal knowledge alliances and external open source 
alliances and linkages with the academic sector 
 Working together with mutual respect - External alliances with suppliers, 
customers, competitors and other stakeholders 
The third perspective to a greater extent is related to supplier alliances and emphasises mutual 
trust. Integrated sustainable supply chain management should be based on cooperation and 
trust. Monczka et al. (2008) identified the following as critical factors in making supply chain 
alliances successful: goodwill, trust, coordination, interdependence, quality of information 
exchange and participation, combined problem-solving, not using extreme methods of 
conflict resolution and development of a formal supplier alliance protocol. 
Based on their extensive literature review, Spekman et al. (1998) noted that alliance failure 
factors were relationship dependence, lack of commitment, repeated conflicts, lack of 
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agreement on goals, lack of information sharing, heterogeneous operations, lack of trust and 
misunderstanding. In order to avoid failure supply chain managers have to monitor actively 
and manage such issues.  
As discussed above, while more integrated relationship approaches have been widely 
promoted and adopted, they have brought more sophistication and complexity to 
relationships. Piercy (2009) stressed the need for external (suppliers, customers) relationships 
to be aligned with internal (lead functions related to suppliers and customers) relationships.  
2.3.3 Production  
Production acts as a driver of supply chain complexity in several ways. Based on empirical 
tests on plant-level data from 209 plants spread over seven countries, Bozarth et al. (2009) 
observed the negative impacts of upstream and downstream complexity and internal 
manufacturing complexity on plant performance. As orders pass through supply chains, 
oscillations of demand and inventory can occur. These can change production schedules 
resulting in late deliveries, order cancellations and increased dependence on inventory to 
balance those (Wilding 1998a). 
Mass production came about through evolutionary changes in the automobile industry in the 
early 1900s. In a mass production scenario, assembly lines are involved in mass production 
and copies of products are manufactured in quick succession. Such types of production are 
typically characterised by high use of energy, machinery, technology and automation. The 
advantages of this kind of production include economies of scale, minimisation of human 
error due to automation, and efficiency in production. The disadvantages of such kinds of 
processes include their inflexibility about changes in product design after the production line 
has been established and large storage requirements. 
Since the 1980s mass production has shifted to mass customisation (Wilding, 1998b). Toyota 
Motor Company is largely credited with starting this trend. The main features of mass 
customisation include a larger product variety, quick response flexibility, stable production 
schedules, supply chain integration and demand management. Over a period of time this 
leads to elimination of waste, cross-trained workers, and just-in-time production. The typical 
expectations from suppliers in mass customisation processes include frequent deliveries, 
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shorter lead time, quick response capability, delivery to the assembly line at the opportune 
time and in the correct sequence. The supplier relationships in mass customisation processes 
are characterised by long-term, steady and a limited number of suppliers. Negotiations with 
suppliers are based on future commitments to productivity and quality movement, and 
advances in supplier capabilities. From the suppliers’ perspective, the benefits include a 
stable manufacturing environment, leaner processes, and higher profits.  
Mass customisation requires building parts based on demand from materials that are always 
available. It requires a spontaneous supply chain. The supply chain management aspects 
associated with this are simplification, standardisation, automatic and spontaneous resupply. 
At a global level, mass customisation has significant outsourcing components. Organisational 
flexibility to react to changes in internal and external environments could be related to 
outsourcing of production with the variety of supply sources and economies of scale as was 
postulated by Cheng et al. (2014). According to Perona and Miragliotta (2004), the ability to 
manage and control complexity of manufacturing and logistics systems is a core competence. 
The authors defined a manufacturing system’s complexity dimensions in five categories as 
shown in Figure 2.4. The push-pull effects determine the relative dominance of any 
dimension on supply chain complexity.  
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Figure 2.4: Complexity Components Related to Production & Logistics (Perona & 
Miragliotta, 2004) 
Complexity increases risks and vulnerabilities of the supply chain and therefore production. 
Roh et al. (2014) stressed the concept of responsive supply chains for order-winning 
manufacturing strategies. According to Harms et al. (2013), a high level of complexity 
associated with sustainable production is managed by risk-oriented strategies in German 
firms.  
A production inventory model proposed by Ben-Daya et al. (2010) illustrates the complexity 
due to retailers being integrated with suppliers and manufacturers. In this scenario, products 
are shipped to retailers while production continues and while it is being distributed. The aim 
of this strategy is to minimise finished product inventory costs, however, this strategy will 
extensively complicate the supply chain operations. Christopher and Rutherford (2004) 
discussed robust and resilient supply chains, as illustrated in Figure 2.5.  
25 
 
 
Figure 2.5: Contrasting robust and resilient supply chains (Christopher & Rutherford, 
2004) 
Robust supply chains incorporate lean thinking. Lean strategy has certain complexities within 
supply chain and production. Some are due to quality problems; particularly product recalls. 
Input variations are also a complexity factor affecting production. If lean supply chains 
respond to markets slowly then they will also slow down the production. Christopher and 
Rutherford (2004) suggest that risks associated with complexities are better managed with 
resilient supply chains. Resilient supply chains are more adaptive, and hence complexities 
arising from variations of input and quality/product recalls can be managed more effectively 
and efficiently.  
Reduced supply flexibility is a complexity factor that can severely damage production. 
Adoption of JIT, schedule changes and capacity limitations of production, low level of 
common parts among different products, demand and forecast problems can all create 
complexity due to varying demand-production-supply relationships (Tachizawa & Thomsen, 
2007). On this theme, the integrated relationship between supply chain partners is another 
major driver of production complexity. Complexity of this integrated relationship and 
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disruptions to the integrity affect production (Rutherford, 2004). Integration as a basic 
requirement is made easier by the sharing of information between suppliers, producers and 
customers. This increasingly favours design and production according to customer needs, but 
it increases the coordination complexity.  
In conclusion we note that production strategies have altered from being supply-driven to 
demand-driven. This transformation comes with many advantages for companies but at the 
same time it adds to the complexity of operations and supply chain management. 
2.3.4 Distribution 
Van der Vorst and Beulens (2002) noted that customer demand for product quantities, 
specifications and lead time are the uncertainty components of a supply chain. These are 
further dependent on order lead time and order sales period. They are related to inventory 
management and its relationship with distribution logistics. 
Stock keeping unit (SKU) is a term associated with inventory management. An SKU is a 
unique product or a service, and the configuration of the product or service distinguishes it 
from all other products or services. There has been a recent trend towards having more SKUs 
in fewer quantities and just-in-time deliveries. This trend is best described using the example 
of the retail brand ‘Zara’. In a Zara store customers often find new products, which are in a 
scarce supply situation. That gives the customers a sense of exclusivity. It is a retail concept 
relying on rapid replenishment (just-in-time) of small batches of new goods. Zara deals with 
around 300,000 new SKUs on an average every year. This number of SKUs increases the 
supply chain distribution operations and makes it more complex. 
Zara’s supply chain depends on just-in-time exchange of information throughout the 
company including store managers, market specialist, designers, production staff, buyers, 
sub-contractors, and warehouse managers. Zara has a centralised design and production 
centre which is attached to its headquarters in the US. The supply chain for the company is 
designed in a way so that the feasibility and success of a new SKU can be assessed quickly. 
The flow of updated data to the right stakeholders quickly mitigates the so-called ‘bullwhip 
effect’. Bullwhip effect is used to describe the tendency of supply chains to amplify small 
disturbances. In this way the company avoids overproduction, and the discounting cycle 
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which is common in the industry. This example demonstrates how a combination of just-in-
time processes and more SKUs in fewer quantities means greater profits for companies whilst 
at the same time exhibiting the complexity associated with this advantage. 
One key determinant of distribution is the risk of supply chain disruptions. It disturbs 
distribution of products en route to customers. Craighead et al. (2007) questioned the wisdom 
of reducing supply base and sourcing from clusters of suppliers since all of these factors 
increase vulnerability of the distribution to disruptions. These strategies are most visible in 
mass customisation and lean and JIT concepts.  
Postponement and speculation are supply chain manipulation strategies which have a major 
impact on distribution operations. Postponement and speculation have been mentioned as two 
of the six supply chain risk management strategies discussed by Manuj and Mentzer (2008). 
High demand and high/low supply risk scenarios are better managed by postponement and 
for high/low supply risk and low demand risk scenarios. Speculation will be more efficient as 
risk management strategies (Manuj & Mentzer, 2008). These strategies become important in 
the contexts of increasing mass customisation, agile operations and online business. When 
these strategies are applied higher profit margins are achievable. Service levels may rise as 
well. However, managing these strategies may increase the total finished cost and will 
increase the distribution complexity (Pagh & Cooper, 1998).  
JIT delivery as another supply chain strategy has become a common customer demand. JIT 
strategy tightens the supply chain lead time requiring reliable delivery service, especially for 
global firms. This very common strategy results in more complex supply chain coordination. 
Distribution dispersion in relation to geographical dispersion was one of the main aspects of 
supply chain logistics integration investigated by Stock et al. (2000). Based on their study, 
facility location with respect to location and number of distribution centres is important 
especially in the case of global supply chains. Geographical spread of transportation and 
freight are important for efficient distribution of products to distribution centres. Distribution 
costs depend on this aspect, particularly in the case of global supply chains. However, 
quantity and dispersion of these distribution centres will impact on the supply chain 
configuration and coordination complexity (Hesse & Rodrigue, 2004). 
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Innovative supply chain models with an emphasis on volume and location of production 
and/or distribution centres have been discussed by many authors. In the context of a global 
supply chain, Tsiakis et al. (2001) used mixed integer linear programming models to reduce 
the total annualised cost of the network. These involved decisions on volume, location and 
capacity of warehouses and distribution centres.  
In a different approach, Shi et al. (2013) used discrete-event simulation, robust optimisation 
and bootstrapping to design a robust cross-docking distribution centre. Discrete even 
simulation and enhanced robust design methods are useful for multi-response logistics 
optimisation. Simulation model was constructed by selecting the best model from factorial 
design and central composite design. Shi et al.’s (2013) model integrated the response surface 
method to identify factor levels maximising system potential. Latin hypercube sampling was 
used to make it immune to supply uncertainties. Their study suggested cross-docking 
distribution centres, strategically located in relation to multiple production centres.  
In their study, Singh et al. (2013), employed a multi-resource constrained scheduling of coal 
trains and limited number of trains that were shared among different coal mines to ensure 
delivery at the port for shipment. A mixed integer programming to minimise total earliness, 
tardiness and operational costs were employed. A distributed algorithm based on Langrangian 
relaxation served to incorporate volume and Wedelin algorithm. Timely availability of 
vehicles for transportation of products from production centres to distribution centres was a 
vital constraint in this case, and this study helped to solve such problems.  
IBM developed a unique pegging algorithm, an explosion heuristic and an implosion linear 
programme to coordinate its semiconductor supply chain for an integrated production, 
shipping and distribution plan. This model improved asset utilisation, customer service and 
inventory levels (Degbotse et al., 2013). 
Long-term planning of distribution consists of determination and design of physical 
structures of warehouses and stores, and these factors impact highly on the flexibility of a 
firm’s supply chain. Medium-term planning consists of outlet order management in relation 
to master outbound route planning and management. There is a trade-off between inventory 
management policies of individual outlets and delivery policies of the central warehouse. In 
short-term planning, allocation of customer orders among outlets and transport logistics to 
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different stores are involved. Scheduling, timing and resourcing are also included (Hübner, 
Kuhn, & Sternbeck, 2013). These complicated mathematical and simulation studies suggest 
that the distribution across the supply chain has been developed much further from a simple 
decision point. 
In this section, various facets of complexity in supply chain were discussed. The need to 
optimise supply chains and the requirement for certain levels of complexity to respond to 
volatile markets were stressed. The areas impacted by these complexities were: planning and 
forecasting, procurement, production and distribution. These complexities do interact. Issues 
related to the complexity, models proposed by different authors and research findings on 
application of concepts were discussed. It is evident that mass customisation, JIT, lean, agile 
and leagile concepts increase the complexity of supply chains. They also incur certain risks 
due to supply chains’ vulnerability to uncertainties. 
In conclusion, we note that the transformation of all aspects of supply chain to improve 
efficiencies has also resulted in a more complex supply chain that needs to be managed. We 
note that the majority of these transformations in supply chains will align them with demand 
characteristics. We also note that in the transformation of supply chain to a complex network, 
product design plays an important role. Before investigating the alignment discussion, in the 
next section we discuss this complexity from a theoretical perspective and expand a more 
holistic trans-corporate view to addressing various supply chain complexity aspects. 
2.4 SUPPLY CHAIN - THEORETICAL APPROACHES 
In the early 1980s, intense competition, global sourcing, volatile demands, improving 
technologies and shortening product life cycles forced manufacturers to focus better on their 
supply chains as managing the whole network of suppliers became vital for companies to 
function better (Lummus & Vokurka, 1999) and respond to fast market changes (Stevens, 
1990). Manufacturers – specifically in fashion and innovative industries with short product 
life cycles – found out that strategic manufacturing or inventory strategies such as just-in-
time (JIT), manufacturing resource planning (M.R.P.), agile manufacturing or quick response 
(Q.R.) are not viable unless there the supply chains are efficiently coordinated (Fisher et al., 
1994). Therefore, they began applying more effective solutions to coordinate their supply 
chains (Mentzer et al., 2001). 
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At that time, the terms “supply chain” and “supply chain management” evolved and many 
scholars offered different definitions of them,  but some similarities remained. Stevens (1989) 
defined the supply chain as the movement of material from suppliers to downstream and flow 
of information from the customers to upstream of the supply chain. Later, Christopher (1992) 
built on this definition by describing the supply chain as a network of active organisations 
linked to the suppliers along upstream and to the final customers along downstream of the 
value chain. 
Cooper et al. (1997) from a wholistic perspective, described supply chain management as the 
integration of all processes within the entire supply chain. However, Mentzer et al. (2001, p. 
18) describe supply chain management as the “Systemic, strategic coordination of the 
traditional business functions and the tactics across these business functions within a 
particular company and across businesses within the supply chain” (author’s emphasis).  
 
Figure 2.6: Conceptual Model of the Supply Chain (Mentzer et al., 2001) 
According to these studies, the traditional approach of managing sales, R&D, forecasting, 
purchasing, production, logistics, information systems, finance and marketing as discrete 
functions is no longer valid. They should be managed as an integrated supply chain (Stevens, 
1990; Christopher, 1992; Lee & Billington, 1995; Cooper et al., 1997; Lummus & Vokurka, 
1999; Mentzer et al., 2001; Simchi-Levi et al., 2004).  They indicate that management of 
these separate units as a single entity with a supply chain orientation in the whole value chain 
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(Mentzer et al., 2001) will create competitive advantage and better performance, not only for 
the supply chain as an entire extended enterprise, but also for each of the companies involved 
in the supply chain (Stevens, 1990; Christopher, 1992; Lee & Billington, 1995; Cooper et al., 
1997; Lummus & Vokurka, 1999; Mentzer et al., 2001; Simchi-Levi et al., 2004). The 
outcome of supply chain management as an operational strategy is increased customer 
satisfaction by developing speed, flexibility and reduced cost (Stevens, 1990; Christopher, 
1992; Lee & Billington, 1995; Cooper et al., 1997; Lummus & Vokurka, 1999; Mentzer et 
al., 2001; Simchi-Levi et al., 2004).  
Thus, as long as success or failure of supply chains is defined in the market by the customers 
(Christopher & Towill, 2002), attention to customer demands plays an important role in 
supply chain strategies (Walters & Rainbird, 2004). Ketchen, Jr. and Hult (2007) used the 
theories of transaction cost economics, agency theory, resource dependence theory, 
institutional theory, game theory, network theory, social capital theory, strategic choice, 
resource-based and knowledge-based views to distinguish between best value supply chains 
and traditional supply chains. Halldorsson et al. (2007) applied theories from non-logistics 
areas to explain inter-organisational phenomena in supply chains. Economic, socio-economic 
and strategic perspectives were used in their research.  
Four different theories - principal-agent theory, transaction cost analysis, the network theory 
and the resource-based view - were applied to assess the relationship between third party 
logistics and new product development. Zsidisin and Ellram (2003) used agency theory to 
investigate the supply chain risks. Connelly et al. (2013) discussed six organisational theories 
––real options theory, internationalisation theory, organisational economics, resource-
dependence theory, social network theory and institutional theory––to investigate theoretical 
studies on supply chain management issues.  
In their review, Sarkis et al. (2011) observed that the theories applied to green supply chain 
management were many: complexity theory, ecological modernisation theory, information 
theories, institutional theory, resource-based view, resource-dependence theory, social 
network theory, stakeholder theory and transaction cost economics theory. Agency theory 
was employed by Zu and Kaynak (2012) to explain how buyer firms can manage supplier 
quality. Outcome-based and behaviour-based approaches were used in the proposed 
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framework. Five agency factors were identified: information asymmetry, goal conflict, risk 
aversion of suppliers, duration of relationship and characteristics of tasks.  
Simatupang et al. (2002) applied constraints theory to overcome difficulties related to the 
inherent dilemma of collaboration, collaborative replenishment policies and collaboration 
performance. Further to that, Simatupang and Sridharan (2005) proposed a theoretical 
framework for supply chain collaboration (reproduced in Fig. 2.7). It was based on five 
collaboration parameters: information sharing, decision synchronisation, incentive alignment, 
integrated supply chain processes and collaborative performance system.  
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Figure 2.7: Collaborative Supply Chain Model (Simatupang & Sridharan, 2005) 
Flynn et al. (2010) used contingency and configuration approaches to define supply chain 
integration. The contingency approach indicated the internal customer integration as 
performance differentiator, while the configuration approach demonstrated that supply chain 
performance was linked to the extent of integration in the supply chain. In the current context 
of supply chain competition, a theory of supply chain flexibility across the participant firms 
was proposed by Duclos et al. (2003).  Their theory suggested that flexibility must be 
elevated from operational to cross-firm strategic perspective based on six elements of 
flexibility identified in several studies.  
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Institutional theory was applied by Glover et al. (2014) to explain the coercive force used by 
supermarkets on dairy farmers to reduce costs rather than implement sustainable practices.  
On the other hand, Naini et al. (2011) used evolutionary game theory and balanced score card 
in environmental supply chain management to evaluate business operations from the 
perspectives of finance, customer, internal business focus and growth and learning.  
Roh et al. (2011) applied coordination theory to explain the causal links between supply 
chain restructuring and the key strategic variables required for its optimal performance. These 
driving factors were: extent of coordination with suppliers and information sharing with them 
leading to organisational integration.  In another study, strategic governance theory was 
applied by Glenn et al. (2010) to evaluate supply chain governance and identified facilitators 
and barriers of supply chain strategic governance.  
Applying recent advances in theoretical and empirical network aspects to supply chains as 
complex adaptive systems, Hearnshaw and Wilson (2013) observed that efficient supply 
chain networks were scale-free. Thus, an advanced network theory was applied to supply 
chains. To conclude this section, it can be noted that supply chain as an operations theory has 
been studied from various perspectives (Chen & Paulraj, 2004).  The next section will further 
discuss different approaches to understanding and measure supply chain complexity. 
2.5 UNDERSTANDING SUPPLY CHAIN COMPLEXITY 
Complexity is an inherent feature of supply chains that, if mismanaged, can result in 
increased uncertainty, risk and consequently unnecessary cost (Christopher, 2011). As a 
result of various approaches, there is no coherent definition of supply chain complexity in the 
literature. Complexity, in simple terms, is the state of being complex (Oxford English 
Dictionary, 2010). Complexity can be either non-organised (random) or organised (non-
random). Complexity indicates interconnectedness and interdependence and consequently, 
complexity can be both quantified and qualified. Interconnectedness refers to quantitative 
aspects such as the number of connections while interdependence refers to qualitative aspects 
such as the level and type of interdependencies between connections (Standish, 2008). Supply 
chain complexity, therefore, can be defined as a function of the number of factors associated 
with a supply chain and the interconnectedness amongst them.  
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Different theories have been applied in the study of supply chain complexity. They are: 
systems and network theory; transaction costs theory; complex adaptive systems; information 
theory; and evolution theory (see Kauffman, 1993; Choi et al., 2001; Cargille & Bliss, 2001;  
Meszena et al., 2002; Blecker et al., 2005; Ivanov & Sokolov, 2009;  Bozarth et al., 2009). In 
fact, from the systems and network theory perspectives, ‘supply chain’ is a multi-dimensional 
network of interconnected, interdependent nodes with non-linear relationships that aim to 
provide value to the customer as a whole (Ivanov & Sokolov, 2009). By comparing this 
definition with the above explanation of complexity, we view supply chains as inherently 
complex systems.  
Supply chains (or networks) comprise multiple inter-organisational relationships that 
dynamically emerge by receiving and providing feedback to deliver goods and services. They 
can thus be classified as complex adaptive systems (Ivanov & Sokolov, 2009). The Complex 
Adaptive System (CAS) theory concentrates on the evolving nature of a phenomenon such as 
supply chains. The CAS has, therefore, been adopted by some scholars to investigate supply 
chain complexity. Some authors suggest that in order to explain and understand the full 
intricacy of supply chain complexity, single theory approaches may be limited because they 
may not cover all the aspects of the complexity. Therefore, a multi-theory approach to 
examining supply chain complexity aims to capture the complexity from all perspectives 
(Hieber, 2002). Before discussing this perspective, the next section will discuss various 
approaches in investigating and managing the supply chain complexity.  
2.6 ANALYSING SUPPLY CHAIN COMPLEXITY 
Increasingly fast introduction of new products, shortening product life cycles, volatile 
demand of customers, increasing customisation offers to clients, and geographical spread of 
supply chain partners in a competitive global market, have driven companies and businesses 
to create more complex structures (Wilding, 1998b; Blecker et al., 2005; Bozarth et al., 
2009). Therefore managing these complicated chains is becoming more challenging for 
managers. 
Different studies develop different approaches to investigating this complexity. One of the 
early studies to do so was Wilding (1998a). By using the complexity theory, the contention 
was that a combination of the effects of three independent variables is the cause of 
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uncertainty – thus complexity – in supply chains. Deterministic chaos, parallel interactions 
and demand amplification were the mentioned effects. Chaos is defined as “Aperiodic, 
bounded dynamic in a deterministic system with sensitivity dependence on initial conditions” 
(Wilding, 1998a, p. 600) which will occur because of over-reactions, unnecessary 
interventions, second-guessing, lack of trust, and distorted information across a supply chain. 
The “Beer Game” is a famous example of chaos in supply chains (Lee et al., 1997). 
Parallel interactions are those actions that are interdependent through the supply chains. 
These parallel interactions will increase the uncertainty if one of the suppliers fails to supply 
the demand, and they will consequently affect other tiers of the supply chain (Wilding, 
1998a). The last variable is demand amplification. Demand amplification is the situation in 
which small changes in customers’ demands result in a large variation when transferred 
upstream through the value chain (Taylor, 1999). Wilding (1998a) contended that analysing 
the three mentioned variables as antecedents of uncertainty will help managers choose the 
right supply chain strategies. 
Another study (Choi et al., 2001) argued that supply chain complexity should be examined 
from the CAS perspective. They define CAS as a series of firms that are willing to exchange 
information, product and services with each other, in order to maximise the profitability of 
each company. They argue that the successful application of control-oriented schemes can 
lead to improved efficiency. At the same time it might also have a detrimental impact on 
performance improvement and innovative actions of suppliers. They imply that the level of 
control is a serious managerial issue, and the decision of how much to control and how much 
to allow to emerge is an important factor so “managers not only have to control the daily 
activities but also remain vigilant, patiently observe what emerges, and make decisions 
appropriately” (Choi et al., 2001, p. 365).  
In another study, Belcker et al. (2005) argued that according to the origin of complexity, 
complexity of supply chains should be divided into external and internal categories. Internal 
complexity can be taken care of by the company and results from structures, elements, and 
processes of the manufacturing area (Blecker et al., 2005). There is also a fixed external 
complexity from external sources (e.g. consumer demands, technological innovativeness or 
economic development). The study also offered another categorisation between structural and 
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dynamic (or operative) complexity (Frizelle & Woodcock, 1995) in order to analyse and re-
design the complexity.  
The study claimed that the nature of the product, structures and processes are drivers of 
structural complexity. The complexity arising from external and internal sources within the 
operation (for example, variations in dates and amounts due to material shortness, machine 
breakdowns, or insufficient supplier reliability), is dynamic (operative complexity). In this 
study, a detailed illustration of different supply chain complexity drivers (e.g. product 
complexity, technological innovations and shortened product life cycles) was also offered.   
Another study by Perona and Miragliotta (2004) classified supply chain complexity into 
inbound and outbound logistics (volumes; networks; distributive modes), sales processes 
(product range; services; time to order; customers), production engineering (production 
resources; technology; plan layout), production process (volumes; organisation; planning) 
and new product development (structure; design; product life cycle). Perona and Miragliotta 
confirmed that the way companies handle their complexity management system has a major 
effect on their operational performance. They also stated that the ability to manage 
complexity counts as a core competency for companies, one that can improve efficiency and 
effectiveness throughout the whole supply chain. Sivadasan et al. (2004) emphasised that the 
operational complexity of supply chains depends on product demand volatility, reliability of 
goods supply, consistency of internal performance and the effectiveness of operational 
policies. They offered four operational supply chain complexity policies: exporting 
operational complexity to other organisations; charge for the services of imported 
complexity; investment in precautionary systems that work to avoid complexity; and 
investing in resources to absorb complexity (Sivadasan et al., 2004).   
Other studies that mainly discussed the complexity factors of supply chains. Bozarth et al. 
(2009) indicate that both internal and external complexities have a negative influence on 
supply chain complexity. They offer: different downstream complexity factors (number of 
customers; heterogeneity in customer needs; shorter product life cycles; demand variability), 
internal manufacturing (number of products; number of parts; one-of-a-kind/low volume 
batch production; manufacturing schedule instability) and upstream (number of suppliers; 
long and/or unreliable supplier lead times; globalisation of the supply base) of supply chains. 
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They also emphasised that dynamic complexity drivers have a more significant impact on 
supply chain performance compared to structural complexity drivers.  
From a holistic and conceptual perspective, Christopher (2012) identified seven types of 
supply chain complexities. They are, in fact, the complexities supply chains commonly 
experience. These are: Network complexity (e.g. too many connections in the network), 
Process complexity (e.g. too many steps), Range complexity (e.g. a wide range), Product 
complexity (e.g. too many unique items), Customer complexity (e.g. too many service 
options), Supplier complexity (e.g. too many suppliers) and Organisational complexity (e.g. 
too many levels and players within levels). In order to overcome or manage such 
complexities, this study suggests aligning the supply chain processes with customer demand 
and avoiding inefficient complexities. 
Table 2.1 below summarises studies on supply chain complexity and its drivers. Most of 
these studies investigate the drivers of supply chain complexity and then offer 
recommendations to manage these complexities. These studies suggest aligning the internal 
complexities (e.g. organisational structure, supply chain collaboration) with external 
complexity drivers such as product characteristics. Although some studies have identified 
these product demand and design characteristics, no single empirical has attempted to model 
an alignment framework considering the simultaneous impact of product demand and product 
design on supply chain. Hence, we aim to propose a framework that can assist practitioners 
on aligning their supply chain complexity with product demand and design characteristics. 
The next section will discuss supply chain complexity from a trans-corporate logistics view.  
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Table 2.1: Key Studies on Supply Chain Complexity 
Author Approach Theory Key focus 
Wilding (1998a,b) Conceptual Chaos Theory 
Manage 
Complexity 
Matching supply chain with demand and supply 
uncertainties 
Choi et al. (2001) Conceptual 
Complex adaptive 
system (CAS) 
Manage 
Complexity 
Matching supply chain with innovativeness 
Milgate (2001) Conceptual 
Complexity Theory - 
Organisational 
Theory 
Develop a 
conceptual model 
Aligning supply chain organisational structure 
to avoid and minimise uncertainty 
Perona & 
Miragliotta 
(2004) 
Empirical (Case 
Study) 
N/A 
Manage 
complexity 
Minimising complexity dimensions through 
supply chain control levers 
Blecker et al. 
(2005) 
Conceptual N/A 
Manage 
complexity 
Adapting the organisational complexity or 
indirect design of dynamic complexity 
Hoole (2005) Conceptual Multiple 
Reducing 
Complexity 
Simplifying supply chain processes aligned with 
customer demand 
Turner & 
Williams (2005) 
Conceptual 
(Simulation) 
N/A 
Minimise 
Complexity 
Simplifying supply chain configuration 
Masson et al. 
(2007) 
Empirical (Case 
Study) 
N/A 
Minimise 
Complexity 
Postponement and Collaborative information 
sharing as Agile strategy 
Pathak et al. 
(2007) 
Conceptual 
Complex adaptive 
system (CAS) 
Adapting supply 
chains to 
complexity 
Matching supply and demand by increasing 
supply chain collaboration and flexibility 
Hu et al. (2008) 
Conceptual 
(Mathematical 
Modeling) 
Entropy Theory 
Manage 
Complexity 
Align supply chain and manufacturing with 
product variety 
Bozarth et al. 
(2009) 
Empirical N/A 
Impact of 
Complexity on 
Performance 
linking operations strategy to organisation 
design 
Huatuco et al. 
(2009) 
Conceptual 
(Mathematical 
Modeling - Case 
Study) 
Entropy Theory 
Measure - 
Manage 
Complexity 
Business Process Reengineering in accordance 
with customer demand 
Isik (2009) 
Conceptual 
(Mathematical 
Modeling) 
Shannon’s 
information entropy 
Measure 
Complexity 
Matching supply chain with demand 
Gerschberger et 
al. (2010) 
Conceptual System theory 
Identifying 
Parameters of 
complexity 
Number of elements and variety in system is 
the critical factor - interdependencies amongst 
the identified parameters of complexity have 
to be quantified 
Li et al. (2010) 
Conceptual - 
Empirical (case 
study) 
Complex adaptive 
system (CAS) & 
Evolution Theory 
Identifying supply 
chain complexity 
evolution drivers 
Align external environment such as market 
demand and market structure with internal 
factors, for example the firm’s strategies, 
product structure 
Yang & Yang 
(2010) 
Conceptual Accident theory 
Manage 
Complexity 
Using postponement to manage supply chain 
complexity 
Manuj & Sahin 
(2011) 
Conceptual Grounded theory 
Define & Manage 
Complexity 
Matching supply chain with customer demand 
and increase flexibility across the supply chain 
Christopher 
(2012) 
Conceptual N/A 
Define & Manage 
Complexity 
Aligning supply chain with market and 
customer demand 
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2.7 SUPPLY CHAIN COMPLEXITY: Hieber’s (2002) Trans-corporate 
Logistics Perspective 
The majority of schemes discussed in section 2.4 that described corporate supply chains are 
narrowly focused on individual corporate logistics systems, and selected characteristics from 
such systems can be applied to the context of trans-corporate supply chain systems. An ideal 
scheme to describe supply chains should follow an integrated approach that can describe the 
entire trans-corporate supply chain. A structure for analysing the supply chain and its 
complexity from a holistic view has been proposed by Hieber (2002). The next section will 
discuss Hieber’s argument as one of the foundations of this work. 
Some level of complexity is inherent in supply chains. Their complexity is reflective of the 
maturity of supply chains and is necessary to compete in the current environment.  Not all 
complexity in supply chains should be perceived in a negative way, but at the same time 
supply chains should be optimised by aligning activities (collaboration, coordination and 
configuration) with product characteristics. This will minimise inefficiencies and maximise 
performance. 
Hieber (2002) from an inter-firm point of view characterised the supply chains as having 
three dimensions - collaboration, configuration and coordination. He described the 
collaboration dimension as the “degree and kind of partnership between the participants” 
(2002, p. 63). Collaboration deals with different levels of trust and openness through the 
supply chain partners and alignment of network strategies. Configuration dimension concerns 
“the modeling of the existing business relationships between the network entities” (p. 63) 
(e.g. depth and breadth of the network, time horizon of a business relationship). Hieber 
(2002) also defined coordination as “the daily operations of trans-corporate processes and 
methods in the logistic network” (p. 63) (e.g. the intensity of IT tools to support activities, 
autonomy in planning decisions). These perspectives also provide a general overview of the 
current state of appropriateness of the supply chain associated with a trans-corporate network. 
The following subsections look at supply chains from the perspective of collaboration, 
coordination and configuration. 
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2.7.1 Collaboration Complexity 
Collaboration in supply chain describes the degree of partnership between participants at a 
high level. There is also an element of a fundamental commitment to a common network 
strategy. Supply chain collaboration can be described in terms of characteristics such as 
alignment of network strategy and goals, orientation of business relationships, mutual 
requirements in the network, mutual trust and transparency, business culture and balance of 
power. These features and some of the values related to these features are discussed in detail 
below.  
Alignment of network strategy and interests may include values ranging from common 
network strategy, common network interest to divergence of network interest. These are 
important values and need to be agreed upon as they are related to time-to-market for new 
products, quality expectations, volume flow through the network, pricing, expectations about 
growth rate of the network entities, and technological capabilities. Hieber (2002) argues that 
the lower the alignment of strategy and interest the higher the complexity of collaboration in 
supply chain.  
Orientation of business relations includes values ranging from cooperation oriented to 
competition oriented. There is also a hybrid value which is more prevalent in real-life 
situations. The cooperation-based approach strives for a balance between costs and rewards 
whereas the competition-based approach strives for gains for a particular entity even at the 
cost of losses incurred by other partners. This view proposes that managing collaboration in a 
competitive environment is more difficult compared to the cooperative environment. 
Mutual need in a network is linked to the interdependence of the network entities. The values 
for mutual need range from high dependence to low dependence. High levels of dependence 
are associated with specialist suppliers who are not easily substitutable, whereas low levels of 
dependence are associated with easily substitutable suppliers. The latter is more relevant in 
real-life situations. Hieber (2002) stresses that when there is a higher dependence between 
supply chain partners then collaboration management is less complex. 
Mutual trust and transparency once again have values ranging from high to low, and this is 
closely related to the previously mentioned dependence between network entities. However, 
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the focus here is on communication and social structure between network partners. High 
levels of trust and transparency are related to the network entities sharing information for 
each other’s benefit and the agreements between entities being informal in nature. Low levels 
of trust and transparency are just the opposite where information sharing is done only on a 
need basis and agreements, and their implementations are much more formal. High levels of 
trust and transparency are often associated with cooperation oriented relationships as 
mentioned previously, whereas low levels of trust and transparency are often associated with 
competition oriented relationships which can translate into higher collaboration complexity. 
Business culture incorporates values ranging from homogenous (similar) to heterogeneous 
(highly different) (Hieber, 2002). A homogenous business culture between entities in a 
network will be characterised by both sides having similar social and corporate culture, 
employees on both sides having similar backgrounds and education in many instances, and 
similar organisational structure and size resulting in less collaboration complexity. A 
heterogeneous culture between entities in a network will be characterised by many 
differences between partners in terms of the size of the organisation, number of employees, 
organisational culture and structure. An example of this situation is the collaboration between 
a small to medium-sized enterprise and a large multinational company in a supply chain. The 
incompatibility of business cultures can be detrimental to supply chain collaboration if the 
necessary protocols are not in place.  
Balance of power is arguably the most important aspect of supply chain collaboration. The 
values for this feature range from high dependence (hierarchical) to equality (hetearchical). If 
there is one dominant partner in the supply chain exerting a significant influence on the other 
network entities, then the balance of power resides with this dominant partner. Such a partner 
can have a major impact on the information systems used in the supply chain, and also make 
frequent significant changes to the delivery schedules at short notice. In such cases managing 
the supply chain collaboration is less complex. The typical cause of this disparity is the 
economic dependence between the dominant player and relatively smaller entities that 
constitute the supply chain. Real-life examples of such scenarios are the Walmart supply 
chains in the US and Coles and Safeway supply chains in Australia.  
According to Holweg & Pil (2008) the effectiveness of external supply chain collaboration is 
determined by the level of integration between internal and external operations and the extent 
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of alignment with geographical dispersion, demand pattern and product characteristics in the 
supply chain settings. This confirms the contention of Hieber (2002) that low mutual trust, 
more globalisation and low levels of integration increase the collaboration complexity. For a 
successful collaboration, Simatupang and Sridharan (2005) advocated benchmarking for best 
practices and implementing them at inter-firm level. The collaboration index proposed 
includes information sharing, decision synchronisation and incentive alignment. A higher 
level of information sharing increases the index and decreases collaboration complexity 
(Simatupang & Sridharan, 2005). This verifies directly the model proposed by Hieber (2002).   
Three types of collaboration (transaction management, event management and process 
management) were identified by Whipple and Russel (2007). The extent of collaboration 
complexity is determined by the type and level of collaboration. This view is an extension of 
the model developed by Hieber (2002).   
The role of information technology in enhancing collaboration by increasing inter-
organisational relationships was also highlighted by Chae et al. (2005). Based on these 
studies partnership intensities and integration at various levels reduce collaboration 
complexity. These results concur with those of Hieber (2002) concerning business 
relationships as a collaboration factor. We will refer to supply chain coordination as a supply 
chain planning and management concept below. 
2.7.2 Coordination Complexity 
A typical feature of the supply chain is that of coordination that relates to characterising the 
daily operations of common trans-corporate processes and methods. Supply chain 
coordination can be described in terms of features such as volume of information sharing, 
links between logistics processes, independence of planning decisions, differences in 
consumption, extent of formalisation, degree of interaction amongst multiple tiers and 
channels, and use of information technology. These features and some of the values related to 
them are detailed below.  
The intensity of information sharing is related to how much information is distributed, 
accessible and available to network entities. The values for this feature range from being 
limited to the needs of mere order execution, order forecast exchange, order tracking and 
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tracing, sharing of inventory - capacity levels, and sharing as required for planning and 
execution of supply chain processes (i.e. high levels of sharing). Hieber (2002) claims that 
higher information sharing will result in more complex coordination of the supply chain. This 
was supported by Skjoett-Larsen et al. (2003) and Ramanathan and Gunasekaran (2014), who 
emphasised that with increased levels of joint planning, replenishment and sharing of 
information and resources decisions, coordination complexity increases. 
Linkage of supply chain processes is associated with integrating partners in a network. The 
values for this feature are closely associated with those of information sharing as mentioned 
above. They include integrated execution, vendor managed inventory, collaborative planning 
decision, and integrated planning and execution. An example of integrated execution is 
forwarding the information on actual inventory levels from the customer side to the supplier 
as a replenishment signal. Using this information, the suppliers can generate their production 
and delivery schedule to meet customer demand. In a vendor managed inventory system the 
customers’ forecasts, such as production and promotion rates, are shared with suppliers. The 
planning process involving the customers’ information is used by the supplier who takes on 
the role of replenishment and planning. Collaborative planning decisions are characterised by 
collaborative planning and forecasting. Trading partners jointly develop a forecast plan which 
serves as the foundation of all internal planning activities related to a product or a product 
family. This approach is known to help the trading partners generate the most accurate 
forecasts. Integrated planning and execution is characterised by all planning and execution 
activities being managed by a dedicated central function. Such functions are typically 
associated with large multinational companies where a central supply chain and logistics 
planning unit undertakes all planning and execution activities through the help of SCM 
software. Hieber (2002) argues that supply chain coordination is more complex in the higher 
level of integrated planning scenarios.  
Autonomy of planning decisions is associated with the amount of influence a particular 
partner has in a supply chain to influence logistics planning. The types of autonomy of 
planning decisions are local autonomy, central planning decisions, and local decisions with 
central guidelines. Local autonomy is characterised by each network partner devising their 
procurement, production, distribution, and forecast plans and there is no communication 
between planners. Central planning decisions are characterised by a key representative in the 
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network planning the numbers for the entire network. Central planning decisions are 
prevalent in the automobile industry where one central unit determines the plans and 
schedules which are passed on to the shop floors of all affiliated divisions. Core decisions 
with central guidelines are characterised by the plans and schedules not being completely 
defined but general guidelines for partners existing in the system. 
Variability of consumption is related to the range of variations in frequency and amounts over 
time. Supply chains with less variation in time and number of products are simpler, and 
supply chains with more variation in time and amounts of products are more complex.  
The extent of formalisation can have values ranging from no formalisation to blanket orders 
on capacity or goods. Blanket orders operationalise the rules and procedures laid out in 
supply chain contracts. A blanket order is a type of purchase order that is issued to a supplier 
that indicates the estimated usage of an item for a set time and a set cost. Such blanket orders 
can also be applied on capacity relating to a product family. Such orders are prevalent in 
supply chains typified by long-term relationships. Having no formalisation requires 
coordination for a regular purchase order which tends to result in less coordination 
complexity. 
The extent of communication between multiple tiers and channels is associated with the level 
of interactions and formal contacts between the entities in a network. The values for this 
feature vary from a single contact between the previous and subsequent person to multiple 
contacts between the levels and channels. Simatupang and Sridharan (2005) argue that more 
information sharing increases the coordination complexity and therefore a high level of 
collaboration to manage it is required. The use of information technology is closely 
associated with the supply chain. The values for this feature range from internal use, network 
coordination systems to IT usage to support execution and planning coordination activities. 
Hieber (2002) concludes that greater acceptance and implementation of information 
technology will increase the complexity of coordination in the supply chain. 
2.7.3 Configuration Complexity 
The configuration characteristic feature of supply chain involves modeling the existing 
business relationship between the network entities as determined and set up by the 
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collaboration and coordination aspects. Configuration includes the physical structure and 
defining legal business relationships. Supply chain configuration can be described in terms of 
features such as multi-tier network, multi-channel network, linkage between partners, 
geographical spread of network, time horizon of business relationship, and economic and 
legal business involvement. These features and some of the values related to them are 
described in more detail below.  
A multi-tier network is also referred to as vertical integration. This feature considers the 
number of tiers in the network formed by the participating entities. A simple relationship is 
characterised by at least two tiers. A larger number of tiers translate into more supply chain 
configuration complexity. A multi-channel network is also referred to as horizontal 
integration. This is associated with the stream of information, materials, components, and 
assemblies that are related to a product or a product family. The focus here lies more on the 
flow of goods rather than participating entities. Therefore, two entities can share several 
logistics channels.  
The values for the linkage between partners range from simple to complex relationships. In 
simple relationships, a supplier only supplies to one tier. However, in complex relationships 
one supplier may not only supply to the subsequent tier but also to different channels or other 
partners on other tiers. Such situations can be tremendously more complex. In fact, the values 
for the geographical spread of networks can range from local, regional, national to global. 
Many trends have been observed with reference to the geographic spread of a network. In 
some situations, the suppliers settle near the enterprise to be supplied. Conversely, in other 
situations (such as the automotive industry) on a global dimension, large multinational 
companies form strategic alliances within different regions and markets of the world, and 
build legally dependent subsidiaries in the target market.  
The length of time of a business relationship can be classified as short-term (less than 1 year), 
medium-term (1-3 years) and long-term (more than 3 years). The main determinants of the 
time horizon of business relationships are the strategic objectives of the cooperating entities 
in a network. Smaller projects (e.g. R&D projects) can be realised over a short period, 
whereas integration of production network may require a long-term relationship which 
requires a more complex configuration in the supply chain.  
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Economic and legal issues are related to financial autonomy. Autonomous enterprises are 
characterised by acting independently, and decisions are not dictated by terms that are 
external to the enterprise. In general, we will refer to supply chain configuration and 
collaboration as supply chain design concept. 
In conclusion, all three aspects of trans-corporate logistics from a functional perspective as 
reviewed and elaborated by Hieber (2002) were discussed. This thesis will adopt Hieber’s 
model to measure the complexity and alignment levels of product characteristics with supply 
chain characteristics.  
2.8 SUMMARY  
This chapter discussed the main variable of interest in this research: supply chain complexity. 
The search for explanations of the supply chain and its complexity drivers has a long history. 
The chapter has presented insights into the different drivers of supply chain complexity. This 
discussion will lay the foundations for developing a conceptual model and measuring the 
dependent variables of this model. Current chapter also investigates the sources and causes of 
complexity. Different theoretical perspectives to define the supply chain have been also 
discussed. A trend is emerging in the supply chain landscape where processes have moved 
towards greater customisation and relationships have a long-term strategic focus. Key 
findings of this chapter are summarised below. 
 While supply chains have become increasingly complex, their success is determined 
by the level of integration between internal and external operations and extent of 
alignment with demand pattern and product characteristics in the supply chain settings 
(Holweg & Pil, 2008; Christopher, 2012).  
 Complexity is inherent in supply chains but this is not all detrimental. A certain 
amount of complexity is necessary if organisations are to compete in the current 
business environment (Hashemi et al., 2013).  
 There is a consensus in the literature that lack of alignment between supply chain 
activities (collaboration, coordination and configuration) with product characteristics, 
causes inefficiency and poorer supply chain performance (Ogulin, 2014). 
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The next chapter will review the literature on alignment of supply chain with product demand 
and design, which has to some extent matched the developments on the drivers of 
complexity. Chapter 2 combined with chapter 3 form the theoretical underpin of the 
conceptual framework that is presented in Chapter 4. 
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CHAPTER 3: SUPPLY CHAIN & ALIGNMENT   
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3.1 INTRODUCTION 
As explained previously, the focus of this study is to develop a model that explains the 
alignment of product demand and product design with supply chain complexities. Although 
some work has been done on alignment of the supply chain with product characteristics, no 
study has identified or investigated this alignment from both demand and design 
characteristics perspectives.  The questions raised here are:  
 Which product characteristics impact on the supply chain complexity? 
 To what extent do these product characteristics impact on supply chain activities? 
 What is the framework to align supply chain with product characteristics? 
This chapter begins by looking into the literature on the different aspects of supply chain 
alignment from different perspectives. The objective of this exercise is to develop an 
understanding of supply chain alignment. This is followed by a review of studies relating to 
supply chain and product demand alignment; and supply chain and product design alignment. 
This chapter concludes with identifying a research gap relating to the alignment of supply 
chain, product demand and product design.  
3.2 SUPPLY CHAIN ALIGNMENT THEORY 
According to Nadler and Tushman (1980) alignment is “the degree to which the needs, 
demands, goals, objectives and/or structure of one component are consistent with the needs, 
demands, goals, objectives and/or structure of another component” (p. 40). In the business 
world, “alignment” means that firms should strive to match, fit or align their resources with 
their competitive contexts (Baker & Jones, 2008). However, this thesis adopts Gattorna & 
Walters’s (1997) definition where alignment refers to the appropriateness of various elements 
with respect to one another. 
Five types of alignment have been identified by various researchers: business alignment, 
contextual alignment, structural alignment, operational alignment and strategic alignment. 
Business alignment is the alignment of organisational resources with its strategies. Contextual 
alignment is the alignment of organisational strategies to external contexts. Structural 
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alignment refers to alignment of organisational resources with operational resources. 
Operational alignment refers to alignment of operational strategy with its resources (e.g. IT 
alignment). The most important and most extensively studied variable is strategic alignment. 
Strategic alignment is the alignment of operational strategies with organisational strategies. 
All these types of alignment can be applied to supply chain in various ways as shown below. 
Supply chain alignment becomes: 
 A business alignment - when supply chain resources are matched with 
organisational strategies across the supply chain. 
 A contextual strategy - when supply chain strategies are aligned with an external 
environment affecting marketing and sales. 
 A structural alignment - when the organisational resources are aligned with 
supply chain resources. 
 An operational alignment - when supply chain resources are deployed to align 
with suitable supply chain strategy. 
 A strategic alignment - when its supply chain strategies are aligned with its profit 
maximisation strategies based on market environment.  
Thus, supply chain alignment can be considered from any one or more of the above angles. 
The concept of supply chain alignment with encompasses all these types to different degrees. 
The term “supply chain alignment” refers to a firm’s supply chain strategy being aligned with 
those of its internal and external supply chain partners (Gattorna, 1998). Wong et al. (2012) 
identified six main constructs as enablers of supply chain alignment: organisational structure, 
senior or executive management support, business performance measuring system, internal 
relational behaviour, consumer relational behaviour and information sharing.  
Gattorna and Walters (1997) define alignment as the strategic fit of four components: 
 The market or customer base or competitive situation 
 Organisation’s strategic response to the market 
 Organisational culture of strategy implementation 
 Leadership/management style shaping the culture to drive the strategy 
Strategic fit is the extent of alignment or appropriateness of each element in relation to 
another. These four components can be regarded as combinations of four factors called 
52 
 
Logics. Specifically, these are production, administration, development and integration. 
These Logics are combined in a variety of ways resulting in unique competitive scenarios, 
strategy, culture and leadership style. Alignment theory is based on Carl Jung’s theory of 
personality types, Adizes’ theory of management styles and Chorn’s theory of organisational 
culture.   
According to alignment theory, these Logics hold consistency of alignment throughout. 
Dominant logic characteristics are reflected in exact strategies of specific situations. 
Therefore, alignment theory Logics should fit one another at different levels. The 
combination of Logics should replicate in all four components of alignment listed above. 
Chorn (1991) postulated that perfect strategic fit is rarely achieved in highly dynamic 
competitive situations.  
The role of senior management is to manage inter-dependencies among the four components 
discussed above. Misalignment may be caused deliberately for a future long-term gain or may 
occur by accident. Misalignment always leads to poorer performance. Firms create their 
competitive situations and respond to them simultaneously. There is consequently a highly 
complex theoretical basis for supply chain alignment. Extent of alignment with the above 
four elements not only can be different, but mutually contradictory also. When the author 
says that a perfect fit is never possible, an organisation’s culture may not be conducive to 
respond to market changes effectively. That could be the outcome of current leadership style.  
Alignment theory has been studied in the field of human resources. Sender (1997) extended 
the alignment concept to high performance work systems and related this with effective 
leadership in HRD processes to create systematic agreement on strategic goals, tactical 
behaviours, performance and reward systems and organisational culture. All these contribute 
to removing barriers that stop cooperation and achieving high levels of individual and 
collective efficiency. Thus, both individual and organisational performances are enhanced.  
According to Gottschalg and Zollo (2007), the conditions under which individual and 
collective interests are aligned are determined by context specificity, tacitness and causal 
ambiguity as factors of motivation. Varying conditions of environmental dynamism are also 
involved. Therefore, motivational factors become an important aspect of this alignment.  
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A dynamic process configuration model for strategic alignment of IT based on organisational 
resources, capabilities and competencies was proposed by Pelletier and Raymond (2014). 
Their theory investigated the alignment of supply chain with organisations’ IT strength. 
Based on the results of this study, IT must be aligned with the supply chain requirements 
specifically for purposes of information sharing, procurement and logistics. On this theme, 
Wagner et al. (2012) developed a model for operational business - IT alignment using social 
capital theory. The daily operational issues involving regular staff at non-strategic levels were 
explored. Operational alignment proved to be as important as strategic alignment. 
Application of organisational theory and other theories to supply chain studies are quite 
common in the literature.  
3.3 SUPPLY CHAIN MISALIGNMENT  
Since ‘alignment’ was defined above as the alignment of the supply chain with business 
strategies, misalignment means lack of alignment. Many factors contribute to such 
misalignment and lead to under-performance or even business failure. Many studies are 
available on misalignment of various kinds and what causes them. Misalignment between 
supply chain and business strategies can have disastrous consequences (Sehgal, 2012). 
Fawcett et al. (2008) showed that an inter-firm rivalry causes misalignment of motives and 
behaviours among partners.  
Storey et al. (2006) opined that supply challenges arise from misalignment due to a wide gap 
between theory and practice. Not aligning supply chains with inter-organisational information 
capabilities within the supply chain can lead to misalignment, according to Shah, Goldstein 
and Ward (2002). However, this finding highlights the importance of information sharing 
rather than misalignment between theory and practice.  Sahay et al. (2006) identified three 
dimensions of supply chain management that are critical in alignment discussion: supply 
chain objectives, processes and management focus. Misalignment along even one dimension 
can compromise the results and lead to inefficiency and ineffectiveness of the supply chain. 
The authors did not study the effect of supply chain structure, coordination, co-operation or 
collaboration misalignment.  
According to Vachon et al. (2009) the firm’s size is positively correlated with misalignment. 
Thus, larger firms face greater difficulties of aligning their supply chains. This contention is 
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erroneous as a smaller firm with a globally-spread supply chain also faces the threat of 
misalignment. Piplani and Fu (2005) noted that traditional supply chains are more prone to 
misalignments as they consist of weakly connected sequence of activities. This is more so in 
highly decentralised supply chains. However, decentralisation to a certain extent is inevitable. 
The extent of decentralisation required in globally-spread supply chains is often a difficult 
one to clarify.  
Van Hoek and Mitchell (2006) noted that focusing on external integration without adequate 
internal integration leads to misalignment. Internal collaboration and integration are also 
required for a true solution to this mismatch. Increased complexities of markets, suppliers and 
investors can make such integration difficult. Later, Ebert and Jelpi (2009) suggested non-
adaptability to demand uncertainty as the causes of the supply chain misalignment. Demand 
and supply uncertainties and product characteristics are the fundamental components of 
supply chain and mismatch between the demand and supply side can be a source of supply 
chain misalignment, according to van der Merwe (2005), Oliva and Watson (2009) and Brun 
et al. (2013).  
Misalignment of supply chain with product design in new product development process can 
result in extra cost and inefficiencies (van Hoek & Chapman, 2007; Caridi et al., 2012). 
Misalignment of processes and technologies can lead to supply chain misalignment (Ogulin, 
2014). This is particularly true for mergers and acquisitions, wherein processes and 
technologies of two diverse firms need to be integrated and aligned. Misalignment between 
an internal structure and perceived supply chain orientation can also lead to inefficiencies 
(Omar et al., 2012). Communication gap between companies, suppliers and third parties is 
also given as a reason for supply chain misalignment by BSR (2007). Inaccurate demand 
forecasting can lead to misalignment of supply chain with product demand. The mechanism 
and consequences of such misalignment were discussed in detail by Fisher et al. (1994). 
Hoole (2005) also recommended alignment and prescribed five methods to simplify and 
consolidate the supply chain complexity. Aligning product characteristics with supply chain 
via integration was also proposed in the modeling framework proposed by Appelqvist et al. 
(2004).  
Lee (2002) maintained that misalignment of supply chain with product characteristics can 
cause severe supply chain disruptions. That was highlighted by examples from many 
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multinational failed product developments projects. While prior studies (Fisher, 1997; Lee, 
2002) have noted the importance of alignment of supply chain with product demand 
characteristics in reviewing the literature, no data was found concerning the level of 
association between product demand volatility and supply chain coordination complexity.    
3.4 THE LINK BETWEEN SUPPLY CHAIN COMPLEXITY 
AND ALIGNMENT  
Two types of alignment (static and dynamic) have been recognised in the literature. 
Conventional (static) alignment does not consider dynamic market conditions. On the other 
hand, in dynamic alignment, supply chain strategy is aligned to the needs of the marketplace 
in a dynamic manner as market conditions change rapidly.  Dynamic nature is due to supply 
chain complexity caused by product (demand and supply) uncertainties. Prediction of these 
uncertainties and quick response are two attributes required for dynamic supply chains. The 
need for aligning supply chains for real customer needs was stressed by Gilmore (2011).  
Supply chain complexity arises due to demand and supply uncertainties. Increasingly shorter 
product life cycles enhance this complexity further. Aligning the supply chain in highly 
dynamic market situations due to demand and supply uncertainties is challenging. Both 
supply chain complexity and alignment are governed by the dynamic nature of market 
conditions or more precisely, product characteristics (Lee, 2002). Noting that supply chains 
are becoming exponentially complex, Bonning et al. (1998) suggested aligning demand 
complexities with supplier capabilities into a new supply chain framework and logistically 
distinct business in order to simplify retail supply chain management.  
Supply chain complexity and alignment can be linked to postponement or speculation for 
different reasons. Adoption of any one of these by firms at any time is done to manage the 
supply chain complexity (Pagh & Cooper, 1998). Postponement and speculation are specific 
business strategies for managing market uncertainties of either demand or supply and not 
together. Clever firms seek to manage demand in such a way that their products are in the 
market when demand is maximum and thus at the highest price. The findings of Vachon, et 
al., (2009) indicated that increasingly cooperative interaction with suppliers increasingly 
enhanced alignment of increasingly complex supply chains. Thus, if the supply chain is very 
complex there should be increased cooperation with suppliers. Noting that supply chain 
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complexity has also increased logistics complexity in the current globalisation scenario, 
Stock et al. (2000) argued for alignment of enterprise logistics through integration to address 
supply chain complexity problems.  
Gattorna (2009), proposed an “outside-in” strategy to reduce supply chain complexity. In the 
outside-in strategy, complexity of the market place is reduced through customer re-
segmentation, reverse engineering and network optimisation. Similar to Gattorna’s (2009) 
“outside-in” strategy, Farrés (2013) recommended a differentiated supply chain based on 
customer segmentations to manage supply chain complexity. Farrés (2013) - based on the 
factors that act and counteract on product demand volatility - proposed a framework to align 
supply chain to reduce the uncertainty (Fig. 3.1). In another study, Jamison and Kain (2012) 
recommended close collaboration with suppliers to manage the supply chain complexity and 
risks. 
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Figure 3.1: Factors that Drive and Counteract Product demand volatility (Farres, 2013) 
Aligning supply chain strategy with market context factors has been constantly emphasised 
by many researchers (e.g. Fisher et al., 1994; Hoole, 2005; Srivastava et al., 2014). 
Alignment of product characteristics with the supply chain has been also suggested as a 
solution to manage its complexity. Grussenmeyer and Blecker (2013) advocated a product 
complexity management framework to align product development with supply chain 
complexity. Pero et al. (2010) proposed that product variety, product modularity and 
innovativeness on the product side and configuration, coordination and collaboration on the 
supply chain need to be aligned so that successful outcomes in new product development 
projects are achieved.  
Miles (2012) produced a diagram (see Fig. 3.2) of the dynamic supply chain concept 
proposed by John Gattorna (1998). According to this concept, both market and supply 
structures need to be segmented to design appropriate supply chains for each segment aligned 
with the company goals, customer needs and firm capabilities.  
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Figure 3.2: Dynamic Supply Chain Alignment (Miles, 2012)  
In summary, we note that the concept of alignment has generated many theories. Combining 
socio-psychological and organisation theories, the term alignment has been theorised to 
involve inter-related components or elements operable through four types of processes and 
for specific types of relationships. When these are applied to business supply chains, theories 
like organisational theory, contingency theory, configuration theory, evolutionary theory, 
governance theory, etc., are applied to explain specific phenomena (e.g. Stock 1997, Ogulin, 
2014). 
When the supply chain is not aligned properly with respect to its component or operational 
and management aspects or in relation to internal or external factors, misalignment occurs. 
Many types of misalignment have been studied, and solutions suggested. Indeed supply 
chains become increasingly complex when their volumes and operations become more 
global.  Complexity arises mainly from product uncertainty factors. These include uncertainty 
of demand and supply (together known as market conditions), new product development, 
product design and product life cycle. The main methods for tackling these uncertainties are 
coordination, cooperation and collaboration within the supply.  
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The above points need to be considered when one evaluates the literature on supply chain 
management. At the same time, certain common points like inter-dependence of supply chain 
complexity with product complexity cannot be denied but they have been insufficiently 
studied. Based on the above discussion, in the next section we will investigate the drivers of 
supply chain alignment and propose a theoretical alignment model to be empirically tested.   
3.5 DEVELOPING A SUPPLY CHAIN ALIGNMENT 
FRAMEWORK 
The alignment of supply chain with product demand (downstream of supply chain) and 
product design (upstream of supply chain) is essential to minimise inefficiencies in the 
system and to avoid the previously mentioned disadvantages of supply chain complexity. 
This alignment has been demonstrated as a simple model in Figure 3.3. 
  
Figure 3.3: Supply Chain Alignment Framework 
The following sub-sections review the literature relevant to the various facets of supply chain 
alignment. The objective is to develop a greater understanding of supply chain alignment. 
Product features that maximise customer value constitute the bases of planning, designing 
and controlling inter-connected processes of manufacturing and delivery to customers. This is 
the basis of supply chain-product alignment.  Management of financial, technological and 
other resources is directed towards the product supply chain at the planning stage itself. 
Therefore, a model for operational management of product value is required. In the global 
manufacturing supply chain context, Marsillac and Roh (2014) found that product design 
changes alter the scope and scale of supply chains required for the changed product, its 
customisation and supplier collaborations.  Many papers discuss the need for such an 
alignment, and the parameters and factors but only a few suggest models or frameworks. 
Before considering models, we shall examine the contexts that define the need for an 
alignment.  
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3.5.1 Competition  
Many authors (Monczka & Morgan, 1997; Christopher & Towill, 2000; Vokurka et al., 2002) 
have stated that in the 21
st
 century, competition will not be between companies, but between 
supply chains. That emphasises the importance of the supply chain. Lee (2002) predicted that 
business competition in the 21
st
 century will be based on demand management for 
maximisation of the total value. Without an efficient demand-based management approach, 
supply chain-product alignment will not be successful. Thus, supply chain-product 
integration is linked to total value maximisation and thus the firm’s performance.  
Noting that the current competition is between supply chains rather than between firms and 
strategies, Kharlamov and Ferreira (2012) emphasised the need to select the best matching 
supply chain for products and markets. Several approaches were discussed by the authors. 
These approaches of aligning variables of supply chain strategies and products are as follows: 
 Strong market orientation to identify classification variables - life cycle duration, lead 
time, volume and variety, agility and adaptability 
 Frameworks - supply chain configuration consisting of the number, locations and 
roles of chain players; supply chain management consisting of best practices for chain 
and product alignment such as information sharing, quality management and co-
designing 
 Physically intelligent supply chains for functional products and market responsive 
supply chains for innovative products 
 Product innovativeness and complexity levels 
 Supply and demand uncertainty evaluations 
3.5.2 Customer Value Perception 
Currently, creation and enhancement of value to customers is perceived as the winning edge 
in business. Customers select the brand and model of the product based on their value 
perceptions (Baumann, 1998). Thus, products perceived to have a maximum value might be 
purchased by most customers. Value perception is also related to price as the customer 
weighs the benefits the product will provide for the price to be paid. The benefits––cost 
advantage principle––need to be incorporated throughout the supply chain to obtain the 
61 
 
product of maximum enhanced value to the customer. Apple iPads lost their attraction when 
its competitors introduced smartphone and tablet concepts. Nokia could not sustain its 
marketplace leadership when Samsung introduced its Galaxy smartphone range. Customers 
experience more advantages through smartphones than they do use iPads. The once important 
competitive factor, the camera feature, is no longer a differentiating aspect. The mobile phone 
market demonstrates rapidly changing customer demands often triggered by new products 
introduced by leading brands. The once simple landline phone has become a complicated 
handset with several uses. The need to adjust supply chain with each of these changes in 
customer value perception is apparent.  
Based on the above we can note that customer value maximisation occurs when demand and 
supply chains are integrated and aligned with final customer requirements (Bustinza et al., 
2013). In this process, collaborative relationships with suppliers to enhance customer value 
perception and thereby gain competitive advantage specifically in innovative markets has a 
critical role. 
3.5.3 Customer Satisfaction 
Customer satisfaction is at its maximum when the perceived value is at its maximum. When 
different firms offer similar products, majority of customers are attracted to brands that are 
perceived to offer maximum value. 
The importance of aligning supply chain management with customer satisfaction was stressed 
by Gunasekaran, Patel and Tirtiroglu (2001). They prescribed a series of processes and 
performance measurements of the supply chain to ensure this alignment. However, such an 
alignment is rendered difficult by demand and supply uncertainties (Lee, 2002). Simatupang 
and Sridharan (2002) recommended using these uncertainties as frameworks to develop a 
suitable supply chain. Jianxin and Xiangyuan (2008) further suggested different supply 
chains for different products and proposed a framework to identify supply chains suitable for 
each one. Thus, supply chains for each model of (for example smartphone) developed by the 
same company must be separate. This implies that a company such as Samsung should have a 
different supply chain for each of its Galaxy models. This imposes a highly complex 
alignment that is difficult to manage. Hence, companies resort to modular manufacturing. 
This facilitates the production of a basic common type of product or model to which specific 
62 
 
features are needed for customers because they are incorporated as add-ons. Ultimately, an 
effectively designed supply chain should lead to a variety, high quality, low cost, short lead 
times and high service levels (Besbes et al., 2013). 
The above discussion demonstrates the nature of supply chain alignment. Questions arise on 
whether or not such an alignment is already implied. A variety of contexts starting with 
competition scenario specify the need and issues related to the alignment. Several product 
demand and product design issues govern supply chain complexity. Adjustment of supply 
chains by aligning them with each demand and design characteristic has been studied using a 
variety of approaches. Separate studies have been done on the relationship of one or more of 
either product demand or product design complexity factors on supply chain complexities. 
However, no work on simultaneous effect of the two product factors on supply chain could be 
traced. The next section will investigate each of these product characteristics and eventually 
this research examines the simultaneous impact of product design complexity and product 
demand complexity on supply chain complexity. The route considered in this study is 
explained in detail in the following section on the theoretical framework. Product demand 
and product design will be established as the two drivers of supply chain strategies and both 
having an impact on supply chain complexity.  
3.6 SUPPLY CHAIN AND PRODUCT DEMAND ALIGNMENT  
The major task of suppliers in the extended enterprise is to fulfil customers’ demands 
(Childerhouse & Towill, 2006). Demand chains are the supply chains which are organised 
and designed according to the demands of customers (Heikkilä, 2002; Walters & Rainbird, 
2004; Jüttner et al., 2007). In other words, demand chains are those supply chains which have 
been designed from “customer backwards” rather than “the company outward” (Aitken et al., 
2005).  Hence having a clear and explicit view of customer demands plays a major role in 
designing, producing and delivering the right product, at the right time, for the right customer 
at the lowest price.  
One of the most important analyses of the important market demand characteristics and their 
role in supply chain design was undertaken by Fisher (1997). Fisher looked at three case 
studies and claimed that companies have to choose their supply chain strategies based on the 
nature of the demand for their products. Fisher states that products based on their demand fit 
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two main categories, either functional or innovative. He states that functional products need 
an efficient supply chain where the main objective is to reduce the supply chain costs. On the 
other hand, there are innovative products with market responsive supply chains that focus on 
flexibility and reducing the lead time regardless of costs (see Figure 3.4).   
 
There have been critics of this approach, for example, Heikkila (2002) argues that Fisher’s 
structuring of the supply chains based on market characteristics is overly simplistic. Lo and 
Power (2010) also argue that separating the products into two categories is not feasible and 
seems to be problematic as many companies consider their products to be hybrid types. They 
also state that there are more factors affecting the supply chain strategy rather than only the 
nature of product demand. Pagh and Cooper (1998) acknowledge that the company’s supply 
chain strategy is based on a combination of market and product characteristics. In order to 
identify the right supply chain strategy Pagh and Cooper (1998) offer a model based on the 
postponement and speculation (P/S) strategy and orientation of the company. They suggest 
that product, demand, market characteristics, manufacturing and logistics capabilities are the 
determinants of postponement and speculation (P/S) decisions. 
In another study by Mason-Jones et al. (2000a), they argue that by understanding the market 
requirements and order decoupling point, we can design the right supply chain. A 
Figure 3.4: Matching Supply Chain with Product 
(Fisher, 1997) 
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“decoupling point” is the differentiation point for order-driven and forecast-driven products 
(Hoekstra et al., 1992) which is identifiable by market demand characteristics (Mason-Jones 
et al., 2000b). In this study, which is also based on Fisher’s (1997) work, products and market 
characteristics are the differentiated factors of supply chain strategies. Mason-Jones et al. 
(2000a) indicate that the order decoupling point of products is the point differentiating the 
lean and agile supply chain strategies.  Christopher and Towill (2002) suggest that in the 
current volatile state of global markets, the supply chains’ and companies’ success rely on 
their appropriate knowledge of the product (Standard/Special), market (Predictable/Volatile) 
and replenishment lead time (Long/Short) characteristics. 
 
 
S
u
p
p
ly
 C
h
a
r
a
c
te
r
is
ti
c
s 
Long 
 
Lead 
 
Time 
 
LEAN 
PLAN AND 
EXECUTE 
 
LEAGILE 
POSTPONEMENT 
Short
 
Lead 
 
Time 
 
LEAN 
CONTINUOUS 
REPLENISHMENT 
 
AGILE 
QUICK 
RESPONSE 
Predictable                              Unpredictable 
Demand Characteristics 
 
Figure 3.5: Supply and Demand Taxonomy (Christopher et al., 2006) 
  
This study relies on Fisher’s (1997) work although it has been modified by adding lead time 
to the determinants of supply chain strategy. They suggest that these characteristics are the 
set-out factors of the right supply chain strategy (either lean or agile, see Figure 3.5).  Huang 
et al. (2002) classified products into three types - innovative, functional and hybrid - arguing 
that supply chain type should be selected based on the product that the company is 
manufacturing (see Figure 3.6). In their research, they mostly concentrate on the demand 
aspects of products.  
65 
 
 
Figure 3.6: Match Supply Chain with Products (Huang et al., 2002) 
 
In another study, Lee (2002) emphasised the demand characteristics’ role in supply chain 
strategies. Here, products are divided into two categories (Functional/Innovative) based on 
their demand uncertainty (Low/High) and also separated the processes (Stable/Evolving) 
based on supply chain uncertainty. Lee suggests that based on demand and supply chain 
uncertainties, supply chain strategies can be chosen between efficient, risk hedging, 
responsive or agile strategies (see Figure 3.7). Writing at about the same time, Muckstad et 
al. (2001) contend that demand uncertainty is a critical factor in supply chain collaboration. It 
is noted that collaborative supply chain relationships that deal with demand uncertainties 
need to use improved information systems for efficient response to market changes. Smooth 
information flow is also important for effective supply chain coordination (Sahin & 
Robinson, 2005). On the other hand, coordination is disturbed due to demand disruptions. 
Hence demand signals via better information flow and improved demand forecasts can 
improve supply chain coordination (Bray & Mendelson, 2013).  
Similarly, Wang et al. (2004) argue that supply chain design decisions should be guided by 
product characteristics and product life cycle. They offer a “supply chain operations 
reference” (SCOR) in which product characteristics are the supply chain decision-making 
criteria. Supply chain configurations can be affected by product life cycle (Aitken, et al. 
2005) and shorter product life cycle can increase the supply chain coordination complexity 
(Liu et al., 2006). 
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Figure 3.7: Demand and Supply Matching Strategies (Lee, 2002) 
Later on, Olhager (2003, 2010) built on Fisher’s (1997) work, suggesting that the customer 
order decoupling point is the differentiation point for hybrid supply chain and production 
strategies. He states that the order decoupling point is affected by product, demand and 
production characteristics. Thus, by identifying the exact position of the order decoupling 
point based on the mentioned factors, we can differentiate production and supply chain 
strategies.  
Stavrulaki and Davis (2010) analysed four supply chain scenarios (make to stock, assemble to 
order, build to order and design to order) for different products and strategic priorities. Based 
on their findings, they concluded that high volume-low demand uncertainty products should 
be matched with lean supply chains and effective processes. Low volume-high demand 
uncertainty products should be matched with agile supply chains and flexible processes. 
Medium volume-medium uncertainty products should be matched with leagile supply chains 
combining efficiency and flexibility.  
Wagner et al. (2012) concluded that the positive relationship good supply chains enjoy fit in 
terms of consistencies between product demand and supply uncertainties. Their study 
suggested this alignment as a cause of higher return on assets for US and European firms. In 
the findings of Boon-itt and Wong (2011), demand uncertainties moderated the associations 
between internal integration/supplier integration and customer delivery performance. 
In a study on alignment of product and supply chain characteristics in the functional food 
products sector, Lyons and Ma’arama (2013) observed that these supply chains possessed 
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lean properties across their tiers uniformly and focused on price and quality. On the other 
hand, innovative foods were supported by short hybrid supply chains. Manufacturers had an 
efficiency focus and suppliers had an agility focus downstream. Product-supply chain 
mismatches were noticed as a very common phenomenon.  
Aytac and Wu (2013) discussed the issue of highly volatile markets leading to shortening of 
product life cycles with innovative products. A greater challenge in this regard occurs in the 
context of innovative products where demand is unpredictable. Shorter product cycle chains 
compel frequent readjustments of supply chains. Evidence for this was provided by Nenni et 
al. (2013) who examined the fashion industry. Rapid release of short life cycle innovative 
fashion products has been the strategy of most fashion firms. IT, information sharing, 
coordination, postponement and agile supply chains have been successfully used for these 
adjustments by firms such as, firstly, Walmart for its retail range, and secondly, P&G for 
personal and healthcare products. The uncertain demand for innovative products leads to 
supply chain complexity and is aggravated by shortened life cycles.  
Langenberg et al. (2012) proposed optimal alignment of supply chain portfolios with product 
portfolios. The emphasis of this study was on the sequence of alignment. This study reiterates 
that this is the supply chain which should be aligned with product variety and not the other 
way around. The need to align new product development with supply chain further upstream 
was also highlighted by van Hoek and Chapman (2007).  
Noke and Hughes (2010) suggested that mature SMEs should re-position their products 
according to demand levels. A new product development process was suggested for 
evaluation to enhance their value. Aligning supply chain activities to new products was 
suggested to be essential for this repositioning. Consequently, improved performance 
occurred with this alignment strategy (Noke & Hughes, 2010). In another study on supply 
and demand alignment, Hilletofth & Eriksson (2011) concluded that both components and 
their processes are equally important. Product demand, value creation, innovativeness, 
differentiation, cost efficiency and responsiveness were the critical elements identified. 
Important benefits of such alignments were improved demand and supply chain performances 
and improved competitiveness.  
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To summarise this section on product demand characteristics’ impact on supply chain, 
products are divided into two (functional verses innovative) or three (functional, innovative 
and hybrid) types based on their demand characteristics. Many modifications were suggested 
for the original two-factor concept of Fisher’s (1997) classification. For each of these 
modifications, appropriate supply chain strategies were also suggested.  Based on these 
studies, supply chain strategies should be aligned with product demand characteristics. Those 
scholars with a market-driven orientation tend not to discuss product design aspects (e.g. 
Fisher, 1997; Pagh & Cooper, 1998; Mason-Jones et al., 2000a; Christopher & Towill, 2000; 
Lee, 2002). Table 3.1 demonstrates the strategic approaches for alignment of demand and 
supply chain.  
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Table 3.1: Key Studies on Demand and Supply Chain Alignment 
 
Author Approach Result 
Fisher (1997) 
Matching supply chains (responsive/Efficient) with product 
demands (functional/innovative)  
Competitive advantage 
and high growth in sales 
and profits  
Pagh & 
Cooper (1998) 
Matching manufacturing (speculation/postponement) with 
logistics strategy (speculation/postponement) (P/S) based on 
product, market demand and manufacturing capabilities.  
Improved processes for 
manufacturing and 
delivering products 
Mason-Jones 
et al. (2000a); 
Mason-Jones 
et al. (2000b) 
Matching supply chain to the marketplace based on product 
demand characteristics (fashion/commodities) and Order 
Decoupling Point to choose the right supply chain strategy 
(lean, agile or hybrid) 
Improved customer 
service, reduced lead 
time and cost 
Christopher & 
Towill (2002) 
Developing market-specific strategies based on product 
(standard/special), market (predictable/volatile) and 
replenishment lead time (long/short) characteristics 
Higher level of customer 
responsiveness and less 
total cost for the supply 
chain as a whole.  
Huang et al. 
(2002) 
Matching supply chain strategy (lean, agile, hybrid) with 
products (innovative, standard, hybrid) where the classification 
of products is based on their demand and profit margin  
Can help the organisation 
to make high-level 
decisions and improve 
performance   
Lee (2002) 
Aligning supply chain strategies 
(efficient/risk/hedging/responsive/ agile) with supply chain 
uncertainties based on product demand uncertainty (low/high) 
and processes uncertainty (stable/evolving) 
Competitive advantage 
in the market place.  
Appelqvist et 
al. (2004) 
Product life cycle is the differentiation point in the supply chain 
strategy. 
Integrated product life 
cycle modeling systems 
can support the day-to-
day operations of supply 
chain and its 
performance 
Pil & Holweg 
(2004) 
Product variety attracts customers, but it will also create higher 
costs and complexity 
In order to mitigate this 
complexity, product 
modularity, 
postponement or other 
strategies should be 
matched with order-
fulfilment strategy. 
Wang et al. 
(2004) 
Supply Chain Operations Reference (SCOR) in which product 
characteristics, especially product life cycle, are the supply 
chain decision-making criteria. 
Effective supply chain 
design.   
Olhager 
(2003); 
Olhager 
(2010) 
Customer order decoupling point (positioned by product, 
demand and production characteristics) is the differentiation 
point for hybrid supply chain and production strategies. 
Appropriate 
manufacturing (2003) 
and supply chain (2010) 
strategies.  
Stavrulaki & 
Davis (2010)  
High volume - low demand uncertainty products should be 
matched with lean supply chains and effective processes. Low 
volume-high demand uncertainty products should be matched 
with agile supply chains and flexible processes.  
Improved efficiency and 
flexibility. 
Wagner et al. 
(2012)  
Alignment of supply chain with product demand characteristics Higher return on assets. 
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We have identified product demand volatility (uncertainty and variability), product variety 
and product life cycle as the main product demand characteristics which impact on supply 
chain. Table 3.2 below summarises the demand characteristics that have been identified as 
critical, and impacting on the supply chain complexity and strategies. 
 
Table 3.2: Product Demand Characteristics impacting on Supply Chains 
Demand Characteristics 
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Demand Uncertainty * *   * *   *
 
*
 
Demand Variability     * * * *   
Product Variety * * * * * * * * 
Product Life Cycle * * * *   *   
Product Range   *          
 
The next section discusses the relationship between product design and supply chain 
alignment.  
3.7 SUPPLY CHAIN AND PRODUCT DESIGN ALIGNMENT  
Product design should be considered by supply chain professionals to be more than merely a 
creative task. Good product design will overcome any supply chain risks (Khan et al., 2008) 
and minimise conflicts of interest (Cargille & Bliss, 2001). Choices regarding materials, 
suppliers and manufacturability will determine a range of supply chain costs (Khan et al., 
2008). The design–supply chain interface(s) must, therefore, be considered holistically. For 
example, coordinating product design engineers and purchasing agents will improve supply 
chain performance (Novak & Eppinger, 2001). Both functions play a major role in make-or-
buy decisions. An integrating platform for product decisions, manufacturing process 
decisions, and supply sourcing decisions is critical to achieving supply chain flexibility 
(Huang et al., 2002). 
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There are two groups of research that emphasise the role of product design in supply chain 
management decisions (Hashemi &Butcher 2011). One group discusses the product design 
and supply chain interface and the other group offers an integrated approach to consider 
product design in supply chain decisions. Both these views discuss the benefits of product 
design and supply chain alignment. The next section discusses these two viewpoints.  
3.7.1 Supply Chain and Product Design Interface 
Several authors (Ernst & Kamrad, 2000; Novak & Eppinger, 2001; Salvador et al., 2002; 
Fixson, 2005; Petersen et al., 2005; Caridi et al., 2010), have recognised the importance of 
product design impact on supply chains. According to Lee and Billington (1992), product-
process design without supply chain alignment will only result in higher costs and poorer 
quality. Fast and precise manufacturing is critical resolving these issues. However, design 
changes are not sufficient to rectify this problem. When many country-specific products or 
products are to be made or when new products must be added, a modular approach can 
facilitate this alignment.  
A higher level of product structure complexity can result in a higher level of coordination 
complexity because product structure can affect the number of suppliers (Cooper et al., 
1997). Helo and Szekely (2005) contend that a complex product structure requires more 
complex components and technical specifications’ coordination can be more complex. 
According to Hobday (1998), design characteristics of especially complex products and 
systems determine organisational structure and industrial coordination. A higher degree of 
product complexity increases information uncertainty with its associated risks. This makes 
coordination and project management difficult, and the overall outcome will impact on the 
supply chain.  
In their case study on the automobile industry, Novak and Eppinger (2001) asserted that 
increasing complexity makes vertical integration more difficult. Better coordination between 
product engineers and design and purchasing agents will result in better performance. All of 
these factors play a major role in companies’ “make or buy” decisions. In-house production 
of complex systems and outsourcing of simpler systems might increase profits. Thus, several 
combinations of supply chains are possible for a mix of simple and complex products. 
Although there is increasing evidence of interdependence of product, process and supply 
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chain design, coordinating these factors for overall improved supply chain performance has 
not been addressed sufficiently (Salvador et al., 2002).   
The basic assumption so far is that supply chain complexity increases as product complexity 
also increases. Product complexity can take a variety of forms like novel products, product 
mixes and innovations. These can lead to many forms of process complexities, which in turn, 
make supply chains more intricate. Blackhurst et al. (2005) suggested a product chain 
decision model (PCDM) as a management tool to design or re-engineer supply chains for 
different products and process designs. This model uses a procurement approach by 
differentiating products and processes through the procurement of raw materials.  
Khan et al. (2008) considered product design as a risk minimising tool for the supply chain. 
The impact of product design is greater when it works as a competitive advantage for the 
firm. Coordination and collaboration between product designers and suppliers is essential for 
the success of firms. Khan and Creazza (2009) extended this work and proposed a design 
centric supply chain model. The proposed design-centric supply chain concept offers a 4Cs 
approach to work organisation at the interface: product range champions, cross-functional 
teams, co-location of concurrent design teams and cooperation across the extended enterprise 
(Khan & Creazza, 2009). 
Caridi et al. (2010) stressed the need for supply chain managers to reengineer their supply 
chains according to the level of product and processes innovations. Pero et al. (2010) 
extended Caridi et al.’s (2010) work and included product variety and product modularity as 
factors of supply chain complexity. In the case of new product development, Pero et al. 
identified product variety, product modularity and innovativeness as the parameters of 
product alignment with supply chain. The complexities related to configuration, collaboration 
and coordination determined supply chain alignment with product. They suggested 
innovativeness played a greater role than variety in product alignment with supply chain 
complexity, and such an alignment improved the firm’s performance.  
Product technology is being perpetually updated, so a supply chain organisation structure 
must be strategically aligned and coordinated with product design (Blackhurst et al., 2005; 
Fixson, 2005; Ogulin, 2014). This relationship is mediated by four factors: new 
module/component development; technological knowledge leakage and development, project 
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team size and supply chain efficiency (Lau et al., 2010a). According to Huang and Mak 
(2000) such an approach has lacked in manufacturing firms. The authors proposed a 
framework of supplier involvement in different stages of new product designs. In the case of 
Digital Equipment Corporation, its Global Supply China Model (GSCM) uses a mixed 
integer linear programme to link supply chain with manufacturing and distribution decisions. 
In another more recent interface study on new product development, Pero and Lambertini 
(2013) found that uncertainties of supply and demand, innovativeness of product, orientation 
to the market and trust and influential absorptive capacity, determine the way in which supply 
chain, R&D and marketing interact.  
The ability to collaborate better increases a firm’s capacity to innovate (Soosay et al.,  2008). 
However, the level of collaboration varies according to different degrees of innovativeness 
(Cassivi, 2006). Aligning the supply chain coordination with the product from the early 
stages of innovation can assist in enhancing product innovativeness (Petersen et al., 2005). 
The impact of product innovativeness on supply chain configuration was discussed  by 
Salvador et al. (2004) and more recently Roh et al. (2014). They concluded that the alignment 
of supply chain configuration with product innovativeness can improve production and 
performance. 
Product modularity can increase the flexibility of supply chain (Davies & Joglekar, 2013) and 
modularisation impacts on the assembly sequence. Consequently, it is critical for supply 
chain decisions (Chiu & Okudan, 2014). However, low probability-high impact harmful 
events can disturb product modularity when supply chains are globally distributed. Different 
levels of product modularity to satisfy different customers can also lead to configuration 
complexity according to Kumar and Chatterjee (2013). Product modularity can be used to 
achieve enhanced supply chain coordination (Grahovac et al., 2014). Decision-making at 
each node of supply chain is critical. As product modularity is affected by product demand 
volatility, supply chain configuration along geographical locations should match product 
modularity requirements. Thus under high product modularity conditions, the supply chain 
configuration can become more complex (Wadhwa et al., 2008; ElMaraghy & Mahmoudi, 
2009; Amin & Zhang, 2013). 
According to Khan et al. (2012) the alignment of product design not only creates a 
competitive advantage, but also enhances supply chain resilience and responsiveness. Nepal 
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et al. (2012) have contended that product architecture determines product design, 
manufacturing process and supply chain configuration in new product development. Thus, 
product architecture decisions need to be integrated with supply chain decisions during the 
early stages of product development. The authors suggested a multi-objective optimisation 
framework for this purpose. Compatibility between supply chain partners (using fuzzy logic) 
was incorporated to endure long-term viability of the supply chain. The final model is a 
weighted goal programming model to minimise total supply chain costs and maximise the 
compatibility index.  
In order to maintain their competitive advantage, firms must align new product development 
with supply chain management at strategic levels (Hilletofth & Eriksson, 2011). However, 
Chiu and Okudan (2011) pointed out that incorporation of supply chain design into new 
product development should take place at the stage of supplier selection. The authors used a 
graph theory-based optimisation method to propose a mathematical programming model 
enabling simultaneous optimisation of both product design and supply chain design.  
Most of the above discussion emphasises the role of product design on supply chain 
operations and how their alignment can result in improved performance. There is another 
stream of research that discusses the same topic from an integrated viewpoint. This avenue of 
research, which is discussed below, proposes a concurrent engineering approach for product 
and supply chain design.  
3.7.2 Supply Chain & 3DCE 
Product design has a significant impact on supply chain cost (Cargille & Bliss, 2001). 
Pressures to reduce production and delivery lead-times have raised the level of mutual 
dependencies in the product development process and the necessity for strategic coordination 
(Hong et al., 2009). The level of integration proposed requires a concurrent engineering 
approach (Khan & Creazza, 2009; Hong et al., 2009). In fact a concurrent approach will 
enhance the speed and confidence of decision-making at the product design stage to increase 
product profitability (Cargille & Bliss, 2001) and can result in more consumer-focused 
processes (Kincade et al., 2007). This is particularly applicable in volatile markets where 
competition is intense. Concurrent engineering increases the supply chain’s responsiveness 
and results in more complex interdependencies between it, the product and the process. 
75 
 
The proposed solution to complexity is the three-dimensional concurrent engineering (3DCE) 
approach; a model first suggested by Charles Fine in his 1998 book Clockspeed (Fixson, 
2005). This model suggests that the traditional approach of matching product with process 
should also include supply chain variables. This should be further supported by decision 
support systems to manage the complex array of decision variables (Singhal & Singhal, 2002; 
Blackhurst et al., 2005; Huang et al., 2005; Ogulin, 2014). However, 3DCE is only 
considered appropriate for descriptive studies. For analytical studies, the model needs 
refinement. Its over-emphasis on product modularity and under-emphasis on product life 
cycle are among its limitations (Voordijk et al., 2006). 
3DCE is currently conceptual, deterministic and mostly based on two rather than all three 
aspects of 3DCE (Ellram et al., 2007). The proposed benefits of simultaneously coordinating 
the design and distribution of products make the pursuit of a practical 3DCE solution 
worthwhile. Concurrent engineering can facilitate mass customisation (Kincade et al., 2007). 
For example, apparel product development activities need not be linear; it can be achieved 
simultaneously to support postponement of finishing processes. Any concurrent engineering 
approach should be consistent with the level of product novelty (Singhal & Singhal, 2002).  
Involvement of the supplier from the early stages of new product design helps to improve 
alignment of product, process and supply chain, as shown by  (Ragatz et al., 2002; Petersen et 
al., 2005; Rungtusanatham & Forza, 2005). It can have a benefit in terms of cost, quality and 
delivery lead times. Besides involving suppliers at an early stage, it is further argued that 
logistics providers should also be consulted. The aim is to minimise logistics costs (Zacharia 
& Mentzer, 2007) and optimise inventory planning (van Hoek & Chapman, 2007). 
Consequently, the required supply chain responsiveness discussed above is achievable. This 
obviously fits with the 3DCE debate already discussed. 
Involving multiple stakeholders in product design does, however, have drawbacks. The stage 
at which suppliers are involved, and the responsibility they are given requires careful 
consideration (Petersen et al., 2005). Inter-organisational compatibility and transnational 
concerns are evident. Studies investigating Italian supplier integration into US and Japanese 
automotive product design highlight that the level of involvement is not necessarily 
transferable (Zirpoli & Caputo, 2002). Each buyer-supplier relationship is, therefore, 
different. When involving multiple suppliers in the design process, an overarching 
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coordination strategy is essential to manage the various relationships (Hong et al., 2009). 
Specific considerations for a coordination strategy include product modularity, product 
complexity, technological uncertainty, and a supplier’s technical capability. 
Lack of integration, communication and information sharing between partners will constrain 
the responsiveness of a supply chain. Lack of integration of product design with upstream 
suppliers affects continuity and quality of supply issues. Poor downstream integration can 
result in inaccurate market knowledge and failed new product launches (Khan & Creazza, 
2009). Integrating product design with supply chain management is, therefore, critical to 
achieving core business objectives. Adopting a design-centric perspective across an extended 
enterprise is, therefore, recommended. 
The extant literature generally agrees that integrating the product design function with the 
conventional business functions of supply chain management, will result in effective supplier 
integration and improved supply chain performance. Proposed benefits include the following: 
precise, accessible and distributable product information (Huang et al., 2010), advance notice 
of design changes (Swink & Song, 2007), a more flexible design process (Abecassis-Moedas, 
2006), improved product performance and conformance (Abecassis- Moedas, 2006; Swink & 
Song, 2007). Yet, much of the extant research focuses merely on optimising product 
availability at launch and a more holistic perspective of the product life cycle should be 
adopted (van Hoek & Chapman, 2007). For such an integration to be successful, effective 
communication and cooperation among participants when developing a new product is 
essential. An increase in organisational complexity is likely (Swink & Song, 2007), and 
hence the integration of product design with supply chain management should be strategic 
(Stavrulaki & Davis, 2010), with senior product development managers at the helm 
(Koufteros et al., 2002) of cross-functional teams (Khan & Creazza, 2009). This results in 
changing boundaries in the value chain via knowledge transfer (Abecassis-Moedas, 2006). 
Vertical integration is an effective strategy. In the fashion industry, some retailers control 
product design, and this practice has resulted in shrinking time-to-market, increasing supply 
chain responsiveness and reducing risk (Khan et al., 2008). 
Nevertheless, while supply chain integration has a positive impact on market performance, it 
does not necessarily result in customer satisfaction (Swink et al., 2007). Although it 
positively affects overall business performance, it does not influence manufacturing 
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competitiveness at the plant level. This is contextualised when we consider that product 
architecture must complement the level of vertical integration (Novak & Eppinger, 2001; 
Fixson, 2005). In-house production is preferred when products are complex. Product 
modularity combined with the relocation of value adding activities and reduced supplier 
number, will decrease the required level of vertical integration (Pero et al., 2010). Table 3.3 
summarises the works of different authors on the product and supply chain alignment as 
discussed above.  
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Table 3.3: Product Design and Supply Chain Alignment 
Author Approach Result 
Hobday (1998) 
Complex Products and Systems (CoPS) play a 
major role in shaping the organisational 
structures and industrial coordination  
Reduced uncertainty of information in the 
production process which will lessen the risk 
and difficulties in coordination and project 
management. 
Novak & 
Eppinger (2001) 
Product complexity and vertical integration 
interface 
Coordination of product engineers design 
and purchasing agents will result in these 
sectors performing better. 
Salvador et al. 
(2002) 
Coordination of product process and supply 
chain design; right type of product modularity 
should be selected based on manufacturing 
attributes (Production Variety and Volume)  
This approach will enhance the firms' 
overall performance. 
Singhal & 
Singhal (2002) 
Effective management of marketing/operation 
is an interface by making product components 
based on customer demands more compatible.  
This concurrent engineering will result in 
successful design and manufacture of a 
product. 
Fixson (2005) 
In this research a three-dimensional 
concurrent engineering (3D-CE) framework is 
offered, based on the product architecture 
characteristics for simultaneous management 
of product, process and supply chain. 
This framework enables the manufacturers 
to assess their operational, strategic 
advantages according to the anticipated 
product architectures. It will also help the 
manufacturers in line with product-operation 
strategic planning. 
Ellram et al. 
(2007) 
Necessity of concurrent engineering of 
product, process and supply chain design. 
3D-CE will enhance organisational 
effectiveness by increasing profitability and 
NPD success. 
Jüttner et al. 
(2007) 
Supply chains must be set up to match product 
characteristics and customer requirements. As 
products proceed through their life cycles, the 
supply chain requirements dramatically 
change. 
Careful matching of products to pipelines 
thereby enables maximisation of the 
appropriate order winner and market 
qualifier characteristics. 
Kaipia & 
Holmström 
(2007) 
Differentiate supply chain planning for 
products with different demand features and in 
different life-cycle phases. 
Differentiating supply chain planning by 
product type or product item so that 
streamlined, or automated, planning 
approaches can be introduced. 
Khan et al. 
(2008) 
In industries product design is a competitive 
advantage leading to better coordination and 
collaboration between the product designers 
and suppliers, which is crucial. 
This strategy will facilitate the product 
development process; it will decrease the 
supply chain risk and disruptions and 
reinforce the supply chain agility and 
improve performance.  
Pero et al. 
(2010) 
We have to set the variables of the product 
design in the levels which minimize the 
supply chain complexity and on the other side 
supply chain complexity should be adjusted to 
the product characteristics.   
Successful new product development and 
improved supply chain performance. 
Chiu & Okudan 
(2014)  
The authors used a graph theory-based 
optimisation method to propose a 
mathematical programming model enabling 
simultaneous optimisation of both product 
design and supply chain design 
Incorporation of supply chain design into 
new product development should take place 
at the stage of supplier selection so that 
improved performance is the outcome.  
Roh et al. 
(2014) 
SEM model defines the drivers, strategy, and 
practices of a responsive supply chain and the 
performance outcomes. 
The effective implementation of a 
responsive supply chain requires a careful 
definition of a responsive supply chain 
strategy in terms of the product range and 
frequency and innovativeness of the product 
offerings. 
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In conclusion, we have identified product innovativeness, structure complexity and product 
modularity as the main product design characteristics that have a significant impact on the 
supply chain. Table 3.4 summarises the product design characteristics considered to be 
critical to supply chain strategy and complexity in the extant literature reviewed. 
 
 
 
 
 
Table 3.4: Product Design Characteristics impacting on Supply Chains 
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Product Innovativeness   *   *         * 
Product Structure 
Complexity  
  * *    *  * * *   
Product Modularity   *     *   *   * 
Product Range *           *  *  
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3.8 SUMMARY 
The relationship between product characteristics and supply chain has been the pre-
occupation of various supply chain scholars. In this chapter, the literature on alignment of the 
supply chain with product demand and product design has been investigated. Only a few have 
investigated how the supply chain’s alignment with product demand or design characteristics 
can help the supply chain adapt to an optimised level of complexity. 
There is a minor commonality in these two groups of studies as they investigate these 
relationships separately. Some researchers have emphasised the direct impact of product 
demand on supply chains and operational performance and in particular on impact of product 
demand characteristics on supply chain strategy, while others have used product design to 
examine the impact of these characteristics on supply chain structure and design. Therefore 
the key findings of this chapter are as per below. 
 No research on the supply chain alignment has yet investigated the simultaneous 
impact of product demand and product design as interlinked drivers of supply 
chain design. This approach assists in understanding the antecedents of 
complexity in terms of the role of product demand and design as facilitators of 
firms’ capability to adjust to transformations in the global business settings. 
 Product demand volatility, product variety and product life cycle are identified as 
main the main product demand characteristics impacting on the supply chain. 
 Furthermore product innovativeness, product structure complexity and product 
modularity emerge as the main product design characteristics that have an impact 
on supply chain operations. 
Chapter 4 presents the theoretical framework which addresses the identified research 
problem. 
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CHAPTER 4: THEORETICAL FRAMEWORK  
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4.1 INTRODUCTION 
In Chapter 3, a detailed review of the literature is done on topics concerning the effects of 
demand and design characteristics on supply chain complexity. Various components of these 
characteristics are considered. It is established that both product demand and design 
characteristics form the supply chain complexity level. It is recognised that all three factors 
have their own complexities. It may be difficult to accommodate all complexity components 
of these factors into one single model. The best compromise will be to propose a model that 
can explain most of the major variations/associations. All possible complexity components 
associated with the three factors are reviewed with the objective of selecting the best options 
for a detailed study and model. An empirical model will contribute to the literature by 
determining the strength and direction of the relationship between product demand and 
product design, and supply chain complexity. 
In the following sections, a research model is proposed that considers the effects of various 
components of demand and product complexities. This model utilises the supply chain 
complexity as a tool to measure the impact of product characteristics on supply chain design. 
Various relationships are explained and 14 hypotheses are formed on the basis of reported 
and expected relationships. This leads to a model that simultaneously considers demand and 
product characteristics that have not been analysed in previous studies. All the relationships 
are explained using a schematic diagram with a hypothesis explaining each relationship. The 
chapter ends with a summary of the main themes covered here.  
4.2 THE CONCEPTUAL MODEL 
The research gap is presented and discussed in Chapters 1, 2 and 3. The need for further 
investigation on how product characteristics can impact on supply chain complexity and how 
alignment of supply chain complexity with these characteristics can be utilised as a 
competitive advantage is described. Although a few research studies in Chapter 3 were 
identified as emphasising the impact of product demand and product design on supply chain 
complexity, they do not incorporate the full intricacy of both these items and its impact on 
supply chain into a single conceptual model. Built on the discussion in these chapters an 
alignment model of supply chain and product demand and design is proposed. The proposed 
model builds on the Pero et al. (2010) model but incorporates both demand and design as 
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major factors that impact on supply chain. The proposed model is illustrated in Figure 4.1. 
The alignment of supply chain collaboration, coordination and configuration with product 
demand and design, allows companies to leverage their resources and competencies in 
identifying and reacting to the transformations in the global business settings in a timely 
manner. 
 
  
In the supply chain research discipline, the theory of supply chain alignment (Gattorna & 
Walters, 1997) has been one the most influential theories in operations and strategic decision-
making. In the business context, “alignment” means firms should strive to match, fit or align 
their resources with their competitive contexts (Baker & Jones, 2008). The above conceptual 
framework outlines the position of this research within the supply chain alignment literature.  
This research is built on the supply chain complexity discussion and its drivers, which is also 
evident in the supply chain alignment research as elaborated in both Chapter 2 and Chapter 3. 
The conceptual model integrates the concepts of product demand, product design and supply 
chain complexity into a single model. The five theorised concepts (Product Design 
Characteristics, Product Demand Characteristics, Supply Chain Coordination Complexity, 
Supply Chain Collaboration Complexity and Supply Chain Configuration Complexity) 
Figure 4.1: Conceptual Model 
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shown in below Table are formulated by nine constructs. Table 4.1 summarises these 
concepts and the respective constructs of the conceptual model. 
 
Table 4.1: Conceptual Model Constructs 
Concept Construct Definition Seminal Studies 
Product 
Demand 
Characteristics 
Product Demand 
Volatility 
(VOLA) 
The degree to which demand 
fluctuates and frequency and range or 
extent of that fluctuation 
Celly and Frazier 1996, Fisher 
1997, Pagh & Cooper 1998, 
Mason-Jones et al. 2000a, 
Hilletofth & Eriksson, 2011, 
Wagner et al. 2012 
Product Life 
Cycle  
(LCYC) 
Duration from when a product is 
introduced to the market until when it 
is viewed as a commodity by the firm  
Huang et al. 2002, Lee 2002, 
Appelqvist et al. 2004, Wong & 
Ellis, 2004, Kaipia & Holmström 
2007, Olhager 2010 
Product Variety 
(VARY) 
Number of different versions of a 
product offered by a firm at a single 
point in time 
Randall & Ulrich, 2001, Lee 2002, 
Salvador et al. 2002, Pil & Holweg 
2004,  Pero et al. 2010 
Product Design 
Characteristics 
Product Structure 
Complexity 
(COMP) 
Number of technical components and 
the level of sophistication in product 
Griffin 1997, Novak & Eppinger 
2001, Kaski & Heikkila, 2002, 
Ramdas, 2003, Stock & Tatikonda, 
2004 
Product 
Innovativeness 
(INNO) 
The degree to which a firm is familiar 
with the technological aspects of its 
product 
Danneels & Kleinschmidt 2001, 
Garcia & Calantone 2002, Roh et 
al. 2014 
Product 
Modularity 
(MODU) 
The extent to which a product 
consists of a hierarchic structure 
composed of different components 
that can be designed and built 
separately but together as one unit 
Baldwin & Clark 1997, Doran & 
Hill 2009, Pero et al. 2010, Parker, 
2010, Chiu & Okudan, 2014 
Supply Chain 
Complexity 
Supply Chain 
Collaboration 
Complexity 
(COLL) 
Degree and kind of partnership that 
participants have 
Hieber 2002, Khan et al. 2012, 
Chiu & Okudan 2014 
Supply Chain 
Configuration 
Complexity 
(CONF) 
Modeling of the existing business 
relationships between network 
entities 
Hieber 2002, Chiu & Okudan 
2011, Grahovac et al. 2014 
Supply Chain 
Coordination 
Complexity 
(COOR) 
Daily operations of trans-corporate 
processes and methods in the logistic 
network 
Hieber 2002, Nepal et al. 2012, 
Amin & Zhang 2013 
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The concept of product demand complexity refers to the product characteristics which change 
due to the complexity of consumer behaviours and is conceptualised through product demand 
volatility, product life cycle and product variety constructs. Product Design Complexity is 
defined in this research model as product design characteristics and is conceptualised through 
the three constructs of product structure complexity, product innovativeness and product 
modularity. Supply Chain Complexity in this research model is formulated through the 
Hieber (2002) classification of supply chain complexity as triple C. Below Figure (4.2) 
illustrates the full model along its respective hypotheses represented by connectors. Next 
section demonstrates the link between these theorised constructs in the theoretical framework. 
Each of these relationships is representative of a research hypothesis. 
 
 
Figure 4.2: Modeling Framework and Hypotheses 
The following section discusses the relationships between product demand and design with 
supply chain. That is followed by a discussion about the relationship between product 
demand and product design. Finally, the links among the three conceptualised product 
demand, design and supply chain complexity are delineated. 
 
Product Demand 
Volatility (VOLA)
Product Variety 
(VARY)
Supply Chain 
Collaboration 
Complexity (COLL)
Supply Chain 
Configuration 
Complexity (CONF)Product 
Innovativeness 
(INNO)
Product Structure 
Complexity (COMP)
Product Modularity 
(MODU)
Supply Chain 
Coordination 
Complexity (COOR)
H3 (+)
H1 (+)
H4 (+)
H9 (-)
H10 (+)
H8 (+)
H7 (+)
H12 (+)
H14 (-)
H11 (+)
H2 (-)
Product Life Cycle 
(LCYC)
H5 (-)
H6 (+)
H13 (+)
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4.3 PRODUCT DEMAND VOLATILITY AND SUPPLY CHAIN 
COMPLEXITY 
Coordinating the global supply chain due to volatile demand has become a more complex 
task. Volatile demand requires higher levels of information sharing and more advanced 
integrated planning and forecasting. This environment increases the dependence of suppliers 
and buyers in terms of commitment and strategic decisions. Sahin and Robinson (2005) 
discussed the importance of smooth information flow for supply chain coordination, 
especially when demand is highly volatile. Supply chain coordination can be interrupted due 
to cost and demand disruptions as demonstrated in the model developed by Xiao and Qi 
(2008). Bray and Mendelson (2013) used demand signals to coordinate the supply chain via 
better information flows and better demand forecasts. These findings lead to the conclusion 
that higher product demand volatility can be a potential source of higher supply chain 
coordination complexity. It can thus be suggested that: 
H1: Product demand volatility positively impacts on supply chain coordination complexity. 
Supply chains of products with a more volatile demand require greater collaboration and 
information sharing across the supply chain. Christopher & Towill (2000) suggested that 
agile supply chains are needed to cope with rapid and volatile demand conditions. Thus, 
supply chain complexity is reduced and becomes agile when product demand volatility is 
high. Gunasekaran et al. (2008) combined agile manufacturing with supply chain 
management to propose a responsive supply chain to manage high product demand volatility. 
The combined responsive supply chain is less complex than the supply chain collaboration 
because high degree of technology. Muckstadt et al. (2001) also observed that demand 
uncertainty is a critical factor in successful supply chain collaboration. They noted that 
collaborative supply chain relationships that deal with demand uncertainties needed to use 
improved information systems to respond efficiently to market changes. Thus under highly 
volatile demand conditions, special efforts are required to ensure a high level of supply chain 
collaboration. In other words, higher product demand volatility can potentially create less 
supply chain collaboration complexity. It is possible, therefore, that: 
H2: Product demand volatility negatively impacts on supply chain collaboration 
complexity. 
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Flexibility in dynamic supply chain management involves decision-making at each node. 
Decision-making becomes flexible due to variations in the immediate supplier’s or buyer’s 
demand. Such a variation in demand will have an important role in supply chain design. The 
model proposed by Wadhwa et al. (2008) found that seemingly good decisions taken at any 
node can adversely affect part of or the entire supply chain by increasing the total cost. 
Supply chain configuration along geographical locations matches demand requirements. The 
model proposed by ElMaraghy and Mahmoudi (2009) simultaneously designs product 
modules and distribution of supply chain through geographical locations to minimise total 
cost and satisfy customer demand. A closed loop supply chain configuration proposed by 
Amin and Zhang (2013) considered demand uncertainty as a key factor of supply chain 
design. The volatility of demand can further have an impact on the supply chain strategies, in 
terms of responding to this demand through strategic location or a number of their facilities 
such as production plants, distribution centres and warehouses. Thus, under high product 
demand volatility conditions, supply chain configuration will be more complex. Based on 
these studies, it is reasonable to suspect that product demand volatility increases the supply 
chain configuration complexity. Therefore, the following hypothesis is proposed for testing in 
this study: 
H3: Product demand volatility positively impacts on supply chain configuration 
complexity. 
4.4 PRODUCT VARIETY AND SUPPLY CHAIN COMPLEXITY 
Increasing product variety introduces a greater need for supply chain coordination (Arshinder 
et al.  2008). According to Simatupang and Srihharan (2002) coordination at the logistics 
level involves market mediation for matching variety of products to reach markets according 
to customers’ needs. Sahin and Powell (2005) observed that supply chain coordination has a 
greater role than information sharing in make-to-order contexts. Implicitly, the make-to-order 
strategy introduces more product variety. Furthermore, the level of product variety offered 
can have a major impact on the supply chain structure. Customisation and make-to-order 
strategies have been developed to facilitate product variety offerings. They can withhold 
economies of scale from supply chains and firms are forced to have fewer inventories and 
adopt more just-in-time strategies. Product variety can mean more costs for the supply chain 
88 
 
as well as a jump in demand uncertainty. Product variety should be kept to optimum levels to 
avoid product proliferation in the market and so as not to cause confusion for customers. 
These findings lead to the conclusion that greater product variety can be a potential source of 
more supply chain coordination complexity. The following hypothesis emerges from this: 
H4: Product variety positively impacts on supply chain coordination complexity. 
4.5 PRODUCT LIFE CYCLE AND SUPPLY CHAIN COMPLEXITY 
Due to the increasing competition between manufacturing companies and the vast variety of 
products offered in the market, customers are becoming more demanding hence product life 
cycles are shortening. Fisher (1997) indicated the need for supply chains to be well 
coordinated if products are to be functional and innovative. However, there is a greater need 
to coordinate innovative products due to their short life cycles. Retailers’ sale efforts do not 
influence sales in the case of innovative products, but they can influence functional products. 
Shorter product life cycles require a higher level of information sharing and more advanced 
information technology to facilitate the communication across multiple tiers and supply chain 
channels. These findings indicate that shorter product life cycle can be a potential source of 
higher supply chain coordination complexity. Therefore, the following hypothesis is formed: 
H5: Product life cycle negatively impacts on supply chain coordination complexity. 
This trend creates greater time pressures for firms and their new product development 
operations. The product design, procurement, production, distribution and delivery operations 
have to be done in a more agile and time efficient way. Production and delivery lead-times 
are widely suggested as the key drivers of supply chain structures (Fisher, 1997; Christopher 
& Towill, 2002; Olhager, 2003; Seuring, 2009). Shorter product life cycles can shorten 
business time horizons and at the same time will put more time pressure on manufacturers 
and suppliers. Shorter product life cycles require faster production and delivery lead time, 
hence directs the manufacturing plants closer to final consumers. As new products are being 
introduced to global distribution networks at an increasing frequency, plus the added 
complication of withdrawing obsolete products at the end of their now very short life cycles, 
the frequency of new product development will increase, thus causing greater supply chain 
complexity. Short product life cycles require more efficient coordination across the supply 
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chain to reduce the risk and uncertainty. These findings indicate that shorter product life 
cycle can be a potential source of less supply chain configuration and collaboration 
complexity. This leads to the two following hypotheses: 
H6: Product life cycle positively impacts on supply chain collaboration complexity. 
H7: Product life cycle positively impacts on supply chain configuration complexity. 
4.6 PRODUCT INNOVATIVENESS AND SUPPLY CHAIN 
COMPLEXITY 
Perpetual product innovativeness impacts on supply chain structure, causing constant supply 
chain re-engineering (Caridi et al., 2010). Product innovativeness leads to constant changes in 
the supply chain structure and will reduce the business time horizon between supply chain 
partners. Product innovativeness requires companies to share more information and 
collaborate more closely. Coordination is achieved through internal and external integration 
on product innovativeness, as was established by Wong et al. (2013). Wong et al. (2013) 
noted that cross-functional integration and functional coordination in purchasing, enhances 
supply chain performance, especially in new product development. Petersen et al., (2005) 
emphasised coordination as being vital in new product development and successful market 
launch. Thus, higher product innovativeness can be a potential source of higher supply chain 
coordination complexity. That leads to the hypothesis: 
H8: Product innovativeness positively impacts on supply chain coordination complexity. 
Product innovativeness as a competitive advantage for firms requires more collaboration 
across the extended enterprise. Soosay et al. (2008) noted that the ability to collaborate 
increased with the firm’s innovativeness. Different modes of collaboration for different 
degrees of innovation were suggested by Cassivi (2006). Supply chain coordination for 
development of new products (innovation) at the early stage is more advantageous than other 
methods (Petersen, Handfield, & Ragatz, 2005). It is therefore more likely that higher product 
innovativeness can be a potential source of less supply chain collaboration complexity. 
Hence, the following hypothesis is proposed: 
H9: Product innovativeness negatively impacts on supply chain collaboration complexity. 
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 Product innovativeness will increase the number new product development projects. In turn, 
new product development will increase the supply chain complexity. This constant product 
innovativeness has also forced supply chains to spread their supply networks across the globe 
in order to take advantage of the best technological expertise. Product innovativeness with 
respect to different degrees of mass customisation necessitates different approaches to supply 
chain configuration, primarily depending on variations in customer specifications (Salvador 
et al., 2014). These results point to the possibility of higher product innovativeness being a 
potential source of higher supply chain configuration complexity. It can, therefore, be 
assumed that: 
H10: Product innovativeness positively impacts on supply chain configuration complexity. 
4.7 PRODUCT STRUCTURE COMPLEXITY AND SUPPLY 
CHAIN COMPLEXITY 
Product structure complexity is the main factor impacting on a firm and its supply chain 
(Hobday, 1998). A higher degree of product complexity will result in uncertainty of 
information in the production process, which will result in increased risks and issues in 
supply chain coordination. Hence, product complexity influences supply chain complexity. 
Product architecture must complement the level of vertical integration (Novak & Eppinger, 
2001; Fixson, 2005). Retention of core production competencies in-house and outsourcing of 
non-core competencies will result in increased profits. Based on this finding we can suggest 
that products with complex structures as a result of more components and technical 
sophistication will require a more complex supply chain structure with greater information 
sharing, integrated planning and extensive use of information technology. At the same time, 
complex product supply chain partners are more dependent, and there is a tendency to sole 
sourcing due to the scarcity of suppliers providing complicated technical components. Hence, 
these products will result in lower collaboration complexity. According to Cooper et al. 
(1997) product complexity may affect the number of suppliers and can make integration and 
therefore coordination difficult. In their review, Helo and Szekely (2005) contended that with 
more complex product structures, more components and technical sophistication are required 
to make supply chains more complex. Thus, it can be concluded that higher product structure 
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complexity can be a potential source for higher supply chain coordination complexity. That 
leads to the following hypothesis: 
H11: Product structure complexity positively impacts on supply chain coordination 
complexity. 
4.8 PRODUCT MODULARITY AND SUPPLY CHAIN 
COMPLEXITY 
An additional important aspect of product design, which can potentially impact on the supply 
chain complexity, is product modularity. Chiu and Okudan (2014) considered modularisation 
to be a critical factor for product design and supply chain decisions due to its impact on 
assembly sequence and thus selection of components and suppliers. Product modularity as a 
direct consequence of outsourcing can compromise direct control and increase 
interdependence. Hence, risk and uncertainty in supply chains may emerge. Natural disasters 
like the tsunami in Japan 2011 disrupted product modularity characterised by globally 
distributed supply chains. That resulted in a higher level of complexity in the case of 
Japanese automobile firms.  
Product modularity combined with the relocation of value adding activities and a reduced 
supplier base will decrease the level of vertical integration (Pero et al., 2010) and increase the 
number of supply chain partners hence complicating the supply chain configuration. To 
manage these multiple supply chain members, an overarching coordination strategy is 
essential to manage the various relationships (Hong et al., 2009); hence it will increase supply 
chain coordination. Apportioning responsibility for design, production and delivery of 
product modules to suppliers as a key enabler of contemporary quick response, supply chain 
management requires more collaboration, trust and common network strategies. Ro et al. 
(2007) observed that product modularity has been increasingly used by the US automobile 
industry to achieve supply chain coordination. Some tacit coordination is required when 
outsourcing at high product modularity levels and increasingly insourcing at progressively 
distorted product modularity. These and many other findings show that higher product 
modularity can be a potential source of higher supply chain coordination complexity. These 
findings suggest that: 
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H12: Product modularity positively impacts on supply chain coordination complexity. 
Product modularity is a key enabler of outsourcing, co-development and therefore 
competitive advantage (Howard & Squire, 2007; Jacobs et al., 2007; Swink et al., 2007; Lau 
et al., 2010b). Furthermore, product modularity can potentially increase outsourcing and 
offshore manufacturing and overall, it has an important impact on integration strategies. 
Build-to-order strategies that were made possible by product modularity, will complement 
such outsourcing decisions. On this theme, Chiu and Okudan (2014) observed that increased 
product modularity is critical for design and integration of supply chain and thus 
configuration. According to Kumar and Chatterjee (2013) product modularity at different 
levels to satisfy customer needs in different markets increases supply chain complexity. 
These findings lead to the conclusion that higher product modularity can be a potential source 
of higher supply chain configuration complexity. Therefore, the following hypothesis is 
proposed: 
H13: Product modularity positively impacts on supply chain configuration complexity. 
4.9 SUPPLY CHAIN COLLABORATION AND COORDINATION 
COMPLEXITY 
An advanced level of information sharing and integration in the supply chain can lead to 
higher cooperation across it. Singh and Benyoucef (2013) reported that a lower level of 
coordination complexity in the supply chain resulted in poorer collaboration and thus more 
collaboration complexity. Another study suggests that less complex coordination levels will 
lead to higher collaboration complexity levels (Lee & Fernando, 2015). It is reasonable to 
conclude that higher supply chain coordination complexity can be a potential source of less 
supply chain collaboration complexity. That leads to the following hypothesis: 
H14: Supply chain coordination negatively impacts on supply chain collaboration 
complexity. 
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4.10 PRODUCT DEMAND AND PRODUCT DESIGN 
According to Fisher (1997), innovative products create demand uncertainty and hence 
volatility. In the case of innovative products, product life cycles may be very short because 
the threat of competitors’ new product introduction is high. That introduces a high margin of 
error in forecasts and high stock-out rates. Nenni et al. (2013) also discussed demand 
uncertainty in the fashion industry and its management through the rapid release of short 
cycle innovative fashion products. Highly volatile markets and shortening product life cycles 
of innovative products were also studied by Aytac and Wu (2013), who suggested that 
product innovativeness is a direct cause of product demand volatility.  
Williams et al. (2007) observed that product modularity and commonality are used in 
uncertain demand contexts of markets. Although modularisation is implemented to address 
high product demand volatility, the market itself can impose limitations on how far 
modularisation can help (Williams et al. 2007). While discussing modular production in 
relation to reverse logistics, Nowak et al. (2014) admitted that a modular production helps to 
address demand uncertainty. Thus, higher product demand volatility can be a potential source 
of higher product modularity and vice versa.  
The above discussion states the mutual relationship between product demand and product 
design. While we acknowledge this relationship, we will not attempt to investigate this as it is 
not within the boundaries of this thesis.  
4.11 SUMMARY 
The key objective of this chapter is to illustrate a theoretical framework to align supply chain 
complexity with product demand and design characteristics. The purpose is to further clarify 
the research gaps discussed in previous chapters and to develop a research model that can 
serve to address the main research objectives. Hence, an overview of proposed conceptual 
framework is provided in the first part of the chapter. In the next section, the conceptual 
framework and its constructs are discussed in details. Then these concepts are presented in a 
theoretical framework followed by proposes research hypotheses. The next chapter presents 
the research methodology considerations and then discusses the methods adopted to test the 
theoretical model empirically and to explore the hypothesised relationships. 
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5.1 INTRODUCTION 
Chapters 1 to 4 established the foundations for this research and developed a research 
model. In this chapter, firstly, the methodological choice for this research is discussed. 
Secondly an overview of data collection methods and the one chosen for this research is 
discussed. Then in the third section sample design is explained, followed by a discussion 
and development of instrument design in three steps.  Lastly, the data collection and 
profile of respondents followed by an introduction to data analysis considerations are 
presented. Specifically, this chapter will address the following three research questions: 
 What are the different approaches and methods for analysing the supply chain 
complexity? 
 What instruments can be designed to capture the alignment of supply chain with 
product demand and product design? 
 What techniques and methods can be employed to empirically testing the supply 
chain alignment framework? 
 
5.2 METHODOLOGICAL CONSIDERATION 
In this research, a quantitative approach to data gathering and analysis is adopted. 
Quantitative research is often linked to the positivist paradigm, whilst qualitative research is 
more often associated with the interpretative paradigm. It is vital to evaluate the advantages 
and disadvantages of both approaches that will assist in determining the appropriate one that 
leads to a better understanding of the key constructs representing supply chain complexity. 
This section discusses the key benefits of each as well as providing a justification for using 
quantitative methodology. 
Qualitative research seeks to understand the deeper meanings and insights behind human 
perception and behaviour (Mariampolski, 2001). It is usually conducted through a 
researcher’s interactions with people’s actions, words and ideas. In fact, qualitative research 
explains the interrelationships between people, issues and the world. McKee (2003) defined 
qualitative analysis as a way for researchers to collect information about how human beings 
perceive and construct the world. This type of methodology is suited for research that 
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purports to understand different ways in which people in various cultures and sub-cultures 
make sense of who they are and their position in the world. In this approach, they interact 
with the world and engage with other entities (McKee, 2003). The key focus therefore of 
qualitative approach is constructivism, whereby an understanding of the world view is highly 
subjective. 
Conversely, the quantitative approach emphasises hypothesis testing and examining 
relationships between sets of variables (Blaikie, 2010). Dey (2005, p. 29) asserted that the 
quantitative approach is related to ‘numbers’ while the qualitative approach is concerned with 
implications. However, both approaches can be combined since numbers rely on 
implications, and implications rely on numbers. Furthermore, there are numerous 
commonalities in both quantitative and qualitative research that are depicted in every 
technique utilised. Packer (2011) expressed the view that qualitative exploration can answer 
and depict clear inquiries and produce theories. However, it cannot test the hypothesis. Thus, 
these relationships are merely speculations. Silverman (2001) identified several differences 
between quantitative and qualitative approaches and claimed that quantitative information is 
hard, targeted, value-free, and helpful in overviews and speculation testing. 
Qualitative information is adaptable, delicate and subjective which can be utilised as a part of 
careful investigations of theoretical and grounded hypothesis. According to Hesse-Biber and 
Leavy (2011), qualitative exploration answers questions which regularly start with, and are 
planned on, "why" "how" and "what" queries that focus on text-based information. 
Conversely, quantitative examination is received when there is a need to measure variables 
and the relationship between them (when there is a circumstance and end result or 
conclusion) (Creswell, 2003). Quantitative research likewise answers questions that are 
planned along the lines: "to what degree" and "the amount", etc., and centred around 
numerical information (Hesse-Biber, 2010). Table 5.1 below clarifies the most significant 
differences between qualitative and quantitative methodologies. 
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Table 5.1: Quantitative and Qualitative Research (Packer, 2011, p. 19) 
Quantitative approach Qualitative approach 
Provides explanations Provides only descriptions 
Is objective Is subjective 
Studies causes Studies experiences 
Can test hypotheses Can only generate hypotheses 
 
Bowling and Ebrahim (2005) affirmed that a qualitative examination cannot test speculations 
because it is inductive exploration. Klier (2009) affirmed that the inductive methodology is 
an exploratory one and employed in the wider domain of social science research. Klier (2009) 
remarked that a qualitative examination is especially helpful in cases where only limited 
literature is available, and the researcher wants to add to the body of knowledge. Schutt 
(2006) contended that a qualitative examination is fundamentally exploratory and focuses on 
an inductive methodology. Schutt (2006) also stressed that qualitative, exploratory and 
inductive methodologies commonly look to create hypotheses, but not to test them.  
This research had fairly well defined hypotheses relating to various supply chain variables 
and these required testing the relationship between them. To be able to test the hypotheses, it 
is essential to collect value-free data, which means systematically collecting information on 
various aspects of supply chain complexity including product demand and product design. 
That is what it prompted the decision to use a quantitative methodology using a survey-based 
approach. In addition, the quantitative approach enables hypotheses to be tested and allows 
relationships between various components of supply chain complexity to be established. 
 
5.3 DATA COLLECTION METHODS  
There are a number of methods through which data can be collected. These methods, 
processes and procedures allow gathering knowledge and obtaining and analysing the 
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required information with the aim of answering the key research questions (Crotty, 1998; 
Gravetter & Forzano, 2011). That means that the research method describes how the 
investigator can conduct his/her study and how he/she can get the required information in 
order to address the research questions and hypotheses. According to Weinhardt, Luckner et 
al. (2008), there are fundamentally five different methods, namely survey, experiment, 
archival analysis, historical study and case study. Boswell and Cannon (2011), on the other 
hand, identified seven data collection methods: questionnaire, interviews, observation, focus 
groups, bio-physiological data, existing or secondary winding data, and experimental tests.  
The questionnaire-based survey approach to data collection is implemented in this study. A 
survey includes a set of questions that are aligned with research objectives and/or key issues. 
A survey is typically carried out through a process of self-completion or self-reporting on a 
set of questions by participants (Brace, 2008). This approach helps to obtain a better 
understanding of particular issues by capturing respondents’ feelings, opinions, attitudes, 
values, and thoughts (Johnson & Christensen, 2004). Schemnitz (1980) stated that, as a 
general rule, a questionnaire should be as concise as possible, clear, unambiguous and simple 
to understand. 
Questionnaires can be filled out in five different ways for by respondents: i) mail, ii) internet, 
iii) telephone, iv) group interview, and v) personal visit Brace (2008). In addition, the 
questionnaire questions can be designed as open-ended or close-ended (Grinnell & Unrau, 
2008). Grinnell and Unrau (2008) added that participants in a questionnaire with closed-
ended questions will not be able to provide more information about the issue in question as it 
is constrained by limited answer choices (e.g. yes or no). In open-ended questions, 
participants can give their points of view on an issue and often at great length (Grinnell & 
Unrau, 2008). 
Some data collection methods that can be employed including face-to-face surveys, 
telephonic surveys, mail surveys and web based surveys are discussed below. These methods 
are now discussed in more detail below.   
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5.3.1 Face -to -face interviews 
Face-to-face interviews are in-person interviews and are arguably the most common and 
oldest form of survey data collection (Grinnell & Unrau, 2008). This method allows for 
minimising nonresponse and maximising the quality of the data collected. Face-to-face 
interviews are useful in situations which can be considered sensitive and where the person 
being interviewed would not solicit information easily in other scenarios. Furthermore, 
another advantage of this method is that the presence of the interviewer gives the respondent 
the option to seek clarification about aspects of the questionnaire (Brace, 2008). One of the 
major disadvantages of this method is its expensive and time-consuming nature. 
5.3.2 Telephone interviews 
Telephone interviews are slightly less expensive than conducting face-to-face interviews but 
not as cost-effective as the web-based approach (Tashakkori & Teddlie, 2009). Furthermore, 
phone calls arising from telemarketing and market research companies have engendered 
criticisms about telephone interviews. This would have translated to a higher non-response 
rate. Therefore, in view of all these factors, this type of data collection was not utilised. 
5.3.3 Paper and pencil surveys 
Paper and pencil surveys were a very popular method of collecting data from a survey. 
However, with the advent of cheap Internet technology that allows for conducting online 
surveys, the popularity of paper and pencil surveys have declined (Tashakkori & Teddlie, 
2009). The main reason this approach was not utilised in this study is because it is not as 
cost-effective as online surveying, and there is a potential for transcription and data entry 
errors with this approach. Human hours and other costs (e.g. transport) are associated with 
this method that makes it less cost-effective. This approach is prone to error at many stages 
including at the time of surveying (i.e. transcription error) and at the time the survey data is 
being entered. 
5.3.4 Web-based survey  
A web-based survey approach was followed for this research. This approach offers a number 
of advantages, these being: the ability to acquire a large and diverse sample; reduced costs as 
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relatively fewer hours are involved in the actual data collection process; minimisation of data 
entry errors; enhanced anonymity and confidentiality which is a concern to some people; 
convenience to the participants as they can choose the time and place of survey; and the 
capacity to include audio-visual stimuli (Pasveer & Ellard, 1998). In view of the above-
mentioned advantages of this method, it was selected for collecting the data. 
5.4 SAMPLE DESIGN 
Sample design enables the selection of a sample whose responses typically represent the 
responses from the whole population. The choice of a representative sample depends on three 
interrelated aspects including sample frame, selection criteria and size. These are discussed in 
detail in the following sub-sections. 
Choice of sampling method (probability or non-probability sample) is one of the most critical 
steps in research design. One of the most reputable sample designs is probability sample 
(Paschke 2009). This sampling technique tend to be quite precise, unbiased and highly 
effective when there is no detailed information in regard to the population. However, this 
method require an extensive time, planning and implementation along skilled designers 
which in turn will be highly costly in comparison to non-probability sampling techniques 
(Paschke 2009). On the other hand the non-probability sampling techniques comparing to 
probability sampling techniques are simpler, faster and more cost-effective. Non-probability 
samples do not allow drawing inferences in regard to the population (Blaikie, 2010), 
however, in cases which the identifying the population or impossible or highly expensive, 
these methods can alternatively be adopted (Blaikie, 2010). 
The unit of analysis for this study is a manufactured product that requires a process of supply 
chain and logistic. The population of this study would be the universe of existing 
manufactured products. The elements of this population cannot be listed or identified which 
makes probabilistic sampling impossible. Therefore, a non‐probability sampling method 
based on convenience is adopted. This can pose a limitation for this research and 
generalisation of the findings may require testing of the model with alternative samples 
(Blaikie, 2010). However, conducting the research with this method of sampling will make a 
contribution to knowledge (Guba & Lincoln, 1994). 
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Another important task in the sample design is to identify the most suitable category of 
respondents from the target firms. In order to investigate the impact of product demand and 
product design on supply chain complexity, supply chain professionals are required to answer 
the questionnaire. However, there is no comprehensive list of all supply chain professionals 
in Australia. Notwithstanding this problem, a number of criteria can be employed to select the 
sample including the position, knowledge and the length of service within the industry. 
Senior management personnel such as supply chain, executive and operations managers are 
regarded as appropriate targets because they are well versed in organisational capabilities and 
knowledge about the supply chain characteristics. In the absence of such personnel (e.g. due 
to unavailability or being un-contactable,) the next most informed respondents such as 
production managers and business development managers were targeted as substitutes.  
The final sample size is determined using the principle of minimum required returned sample 
size (MRSS). Once the MRSS is established one can estimate the sample size to be contacted 
(de Vaus, 2002). The minimum required returned sample size, and the rate of responses are 
reliant on various factors, most importantly on the statistical technique to be used in the 
research (de Vaus, 2002).  
Factor analysis and SEM are the main statistical techniques to be employed for analysing the 
data. For factor analysis, a minimum sample size of 100 is suggested (Weston & Gore, 2006). 
Furthermore, greater sample sizes increase the statistical power for SEM (Weston & Gore, 
2006). Although size of the sample required is impacted by normality of data and method of 
estimation for analysis, sample of 10 respondents for each item in the model has been 
proposed (Byrne, 2010). Despite the little agreement, there is on the acceptable sample size, 
for the purpose of a ‘critical sample size’ 200 has been widely adopted in the SEM research 
(Byrne, 2010). 
Taking all the above facts and findings into consideration, it was decided to contact various 
manufacturing and supply chain associations with a target sample of at least 200 respondents. 
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5.5 INSTRUMENT DESIGN 
Designing survey instruments to gather data on product and supply chain characteristics 
requires developing scales, which reflect various constructs in the modeling framework. 
Brace (2008) stressed the need to consider research questions or objectives when designing 
the survey and testing the instrument prior to the major data collection. This evaluation step 
prior to the major data collection is often referred to as a pilot study and is carried out on a 
small sample of participants to evaluate the appropriateness of the questions and likely 
problems respondents may face in answering them. At this stage, the necessary amendments 
are made to the questionnaire if required.  
Choice of appropriate format and scale used in the questionnaire is another important aspect 
in instrument design (Oppenheim, 1992). The Likert scale is one of the most widely used 
measurement scales in business and social science research (Schmee & Oppenlander, 2010). 
This scale is based on standardised response categories that range from “strongly agree” 
through to “strongly disagree”. Thus, the Likert scale is not simply a binary response 
(yes/no), and also allows for the measurement of respondents’ attitudes, perception and 
opinions (McKenna, 2000). The Likert scale normally uses a 5-point range, but it can also 
employ a 7-point variant (McKenna, 2000) as shown in Table 5.2.  
Table 5.2: Example of Likert scale (McKenna 2000, p. 271) 
5-point Likert scale 
Scoring Attitude Intensity 
1. Strongly Disagree 
2. Disagree 
3. Neither agree nor disagree 
4. Agree 
5. Strongly agree  
The questions were mostly formulated using a 5-point Likert scale in order to measure 
participants’ views and opinions. Details of instrument design for this are explained in section 
5.6. 
The objective of designing a survey instrument is to collect demographic information about 
participants or organisations. The survey instrument does this by consistently implementing a 
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scientific protocol to obtain data from respondents (Oppenheim, 1992). One of the guiding 
principles of survey instrument design is that questions should be formulated well so that they 
measure what they are designed to measure. This is done by relying on principles of cognitive 
psychology and how humans process information. Some of the elements of formulating good 
questions include: restricting one question to contain only one idea; defining the scope 
relating to the question (e.g. time period or industry); use of neutral language and/or simple 
language; including a full range of responses that might occur; making sure that categorical 
responses are mutually exclusive; and specifying consistent forma and units for numerical 
responses. 
This thesis adopted and modified the original eight steps research plan procedure (i.e. 
specifying  the field/domain of constructs, formulating the sample items, compiling data, 
measure purification, data collection, assessing the reliability, assessing the validity and 
norms development) by Churchill (1979). The first three phases executed in the development 
of the research instrument are described below. 
5.5.1 Step 1: Specifying the domain of constructs and measurement items 
The accuracy and reliability of a survey instrument requires that the domain of the construct 
is defined, and a sample of items will capture the domains that are generated. Since it is not 
possible to include all variables relating to product demand, design and supply chain 
complexity, it is important to establish what needs to be included or excluded. Using the 
conceptual framework, three constructs of product demand volatility, product variety and 
product life cycle were suggested as the main product demand characteristics impacting on 
the supply chain complexity. Product innovativeness, product modularity and product 
structure complexity were also put forward as the critical product design characteristics 
influencing the supply chain complexity.  The following subsections discuss these constructs 
and their measurement items in detail. Majority of measurement items are adopted from 
commonly tested and validated items from previous studies as suggested by Shee et al., 
(2011). 
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5.5.1.1 Product demand complexity constructs 
This section describes the product demand complexity constructs and discusses survey 
measurement items. 
Product demand volatility: Product demand volatility refers to the degree to which demand is 
uncertain (Celly & Frazier, 1996). The degree to which the demand fluctuates (demand 
variance) is also suggested to be product demand volatility (Olhager, 2003). Hence, product 
demand volatility is associated with both demand uncertainty and demand variability. 
Demand uncertainty refers to the degree to which it fluctuates, and demand variability refers 
to the frequency and range or extent of that fluctuation.  
Increasing technological innovations, shortening product life cycles, intense competition and 
the growth of global markets have caused severe demand volatility for manufactured goods. 
To measure demand uncertainty, different approaches have been utilised (e.g. Celly & 
Frazier, 1996; Fisher, 1997). Fisher (1997) measured demand uncertainty via variables such 
as stock-out rates and average margin of forecast errors. Combining those contributions we 
suggest that product demand volatility should be investigated like demand uncertainty and 
demand variability. It is suggested that product demand volatility can be measured by six 
statement items. A five-point Likert scale is suggested with anchors ranging from ‘strongly 
agree’ to ‘strongly disagree’. 
Product variety: Product variety refers to ‘the number of different versions of a product 
offered by a firm at a single point in time’ (Randall & Ulrich, 2001, p. 1588). Product variety 
is categorised as external (market) and internal (manufacturing) variety (Pil & Holweg, 
2004). External variety is the variety of products that a firm offers to the market while 
internal variety refers to the commonality of product components. For example, although 
various automobile classes such as Toyota Camry and Corolla are perceived by external 
customers to be totally different versions, from an internal perspective they are not 
completely different products. It means that a high external product variety does not 
necessarily indicate high internal variety, which can be achieved through product modularity 
and component commonality. Five categories of this measurement item are adopted from 
Fisher (1997). 
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Product life cycle: Product life cycle refers to the duration from when a product is introduced 
to the market until the time that it is viewed as a commodity by the majority of customers and 
then demand for it declines (Wong & Ellis, 2004). Product life cycle is one of the key 
determinant factors impacting on the supply chain structure, design and planning. Product life 
cycle can be measured using a numerical item with different time ranges as suggested by 
Fisher (1997). Detailed measurement items for product demand characteristics are presented 
in Table 5.3.  
Table 5.3: Measurement items for Product Demand Constructs 
Construct Measurement Items Likert Scale Anchors 
Product Demand 
Volatility 
Adopted and 
customised from Celly 
and Frazier (1996) & 
Olhager (2003) 
 
 Sales are predictable 
 Market trends are easy to monitor 
 Sales forecasts are easy to monitor 
 Sales volumes are stable 
 Sales volumes change rarely  
 Range of sales volume variation is small   
1-Strongly agree 
to 
5-Strongly disagree 
Product Variety 
Adopted and 
customised from 
(Fisher (1997) 
 How many versions of this product are offered at 
the market by your company at this point of time 
(Make-to-Stock)? 
 How many versions of this product can be offered 
to customers by your company based on order at 
this point of time (Make-to-Order)?  
1-Less than 10 
to 
5- More than 100 
 
Product Life Cycle 
Adopted and 
customised from 
Fisher (1997) 
 
 How long is the life-cycle for this product? 
1-Less than 3 months 
to 
5- More than 5 years 
 
5.5.1.2 Product design complexity constructs 
Three key constructs are incorporated in the survey questionnaire to represent the complexity 
of product design. These include: 
Product innovativeness: Product innovativeness refers to the degree to which a firm is 
familiar with the technological aspects of a product (Danneels & Kleinschmidt, 2001). 
Product innovativeness is measured with items indicating the extent of familiarity of a firm 
with the: i) technology; ii) design and engineering; and iii) production processes involved in 
developing products (Danneels & Kleinschmidt, 2001). Statements are drafted with a 5-point 
Likert scale ranging from ‘highly familiar’ to ‘highly unfamiliar’. A firm rather than a 
customer perspective is used to measure the innovativeness as they perceive product 
innovativeness differently (Danneels & Kleinschmidt, 2001). For example although i-Phone 6 
might be perceived as a highly innovative product from a customer’s point of view, from a 
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manufacturing firm perspective, it will not be perceived as highly innovative because it has 
already existing technology, engineering  and design features. 
Product modularity: Product modularity refers to the extent to which a product consists of a 
hierarchic structure with different components that can be designed and built separately, yet 
they function together as one unit (Baldwin & Clark, 1997). In the survey questionnaire, 
product modularity is measured as the degree to which product components can be swapped 
or the degree to which product functions can be directly added or removed by adding or 
deleting components (Parker, 2010). Respondents are asked to state to what extent they agree 
with the statements regarding product modularity (See Table 5.4). A five-point Likert scale 
can be adopted with anchors ranging from ‘totally agree’ to ‘totally disagree’.  
Product structure complexity: Product structure complexity refers to the level of 
sophistication of product structure. It is measured in various ways, for example a bill of 
materials or number of components (Ramdas, 2003), and structuring of a product and their 
interdependence (Kaski & Heikkila, 2002). Product structure complexity is also measured 
through the number of engineering components (Stock & Tatikonda, 2004), number of 
functions of technical components (Griffin, 1997) and the level of sophistication. Four above 
items are used to measure the product structure complexity. Measurement items for product 
design characteristics are presented in Table 5.4.   
Table 5.4: Measurement items for Product Design Constructs 
Construct Suggested Measurement Items 
Likert Scale 
Anchors 
Product Innovativeness 
Adopted and customised 
from Danneels & 
Kleinschmidt (2001) 
 
Indicate to what extent your company was familiar with the 
following aspects involved in the development of this product: 
 Technology 
 Engineering and design 
 Production technology & process 
1- Highly 
familiar 
to 
5-Highly 
unfamiliar 
Product Modularity 
Adopted and customised 
from Parker (2010) 
 Product is designed to enable the swapping of 
components. 
 Product functions can be directly added or deleted by 
adding or removing components. 
 Product has interchangeable features and options. 
 The interfaces of product components are designed to 
accept a variety of components. 
 Product components are able to accept a wide range of 
components. 
 Product is designed to be easily reconfigured. 
1- Totally 
disagree 
to 
5- Totally agree 
 
Product Structure 
Complexity 
Adopted and customised 
from (Kaski & Heikkila 
 Level of technical component 
 Level of sophistication 
 Level of engineering component 
 Level of complexity 
1-Very low 
to 
5- Very High 
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(2002) 
 
5.5.1.3 Supply chain complexity constructs 
Supply chain complexity is conceptualised using Hieber’s (2002) model which includes 
collaboration, coordination and configuration dimensions. Hieber’s model focuses on 
examining the external factors between firms to capture the full intricacy of a trans-corporate 
supply chain (Schnetzler et al., 2007). These constructs are defined below. 
Collaboration: Collaboration is the degree and scope of a partnership between supply chain 
partners (Hieber, 2002). Collaboration relies on different levels of trust and openness between 
those partners and the alignment of their network strategies. Hieber (2002) suggests a variety 
of measurable items associated with complexity. For example, he suggests that mutual trust 
and openness in a network is one of the determining factors of collaboration complexity in 
supply chains. He also offers a scale of trust from high to low in which less trust will 
determine more complexity. A 6-items scale is created to measure the collaboration 
complexity, and they are listed and described in Table 5.5.  
Coordination: Supply chain coordination refers to the daily operation of firm’s supply chain 
activities. Coordination of inter-firm operations (e.g. the amount of use of IT tools to support 
activities, and/or independence in planning decisions) are critical to determining supply chain 
complexity (Hieber, 2002). Coordination, in the survey questionnaire, is measured using 7-
items scale, which include aspects of information technology use, integration of logistics 
processes, and levels of communication. For example, information sharing is measured using 
a Likert scale, ranging from ‘very low (Limited to needs of order execution)’ to ‘very high 
(As appropriate for planning and execution processes)’.  
Configuration: The configuration is associated with the mapping of supply chain networks 
(Hieber, 2002). For example, the depth and breadth of a network and the time horizon of a 
business relationship represent the configuration of a supply chain. Therefore, more value 
adding tiers or the more logistics channels within the supply chain indicates a higher supply 
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chain configuration complexity. Increased depth and breadth of the network will result in 
greater complexity in supply chain configuration. 7-items scale is used to measure the level 
of configuration complexity using a Likert scale (see Table 5.5).  
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Table 5.5: Measurement items for Supply Chain Complexity Constructs 
  
Construct Suggested Measurement Items Likert Scale Anchors 
Supply Chain 
Collaboration 
Complexity  
Adopted and 
customised 
from Hieber 
(2002) 
i. To what extent you and your key 
suppliers' network interest and strategy 
are aligned? 
1-Very high (Common Strategy & interest) 
to 
5-Very low (Divergence of Strategy & 
interest) 
ii. What is the type (or orientation) of 
business relations between you and your 
key suppliers’? 
1-High cooperation 
to 
5- High competition 
iii. To what extent can you replace your 
key suppliers? 
1-Extremely low (Sole sourcing) 
to 
5- Extremely high (Highly substitutable) 
iv. What is the level of trust and openness 
between your company and your key 
suppliers? 
1- Extremely high 
to 
5- Extremely low 
v. How similar is the business culture of 
your key suppliers to your company? (In 
terms of corporate culture, size & 
structure) 
1- Highly similar 
to 
5- Highly different 
vi. To what extent do you or your main 
suppliers influence each other’s supply 
chain (logistics) decisions? 
1- Very significant influence 
to 
5- Very low influence 
Supply Chain 
Coordination 
Complexity 
Adopted and 
customised 
from Hieber 
(2002) 
vii. What is the level of information sharing 
between you and your key suppliers? 
1- Very low (limited to the needs of order 
execution) 
to 
5- Very high (as required for planning & 
execution) 
viii. What is the integration level of logistics 
processes between your company and 
your key suppliers? 
1- Very low (mere order execution) 
to 
5- Very high (integrated planning & 
execution) 
ix. How independent are you and your key 
suppliers in making logistics decisions? 
1- Highly independent (self-directed 
decisions) 
to 
5- Highly dependent (Led by strategic 
center) 
x. How often consumption amount of 
products requested from your key 
suppliers varies? 
1- Very rarely 
to 
5- Very often 
xi. What is the extent of long-term orders 
with your key suppliers? 
1- Very low (Regular purchase orders) 
to 
5- Very high (Long term blanket orders) 
xii. What is the level of communication 
between your multiple tiers and 
channels? 
1- Very low (single contact for the 
transaction) 
to 
5- Very high (multiple contacts between 
levels & channels) 
xiii. What is the extent of information 
technology used between you and your 
key suppliers? 
1- Very low (To support internal processes) 
to 
5- Very high (SCM Software) 
111 
 
5.5.2 Step 2: Panel of experts discussion 
In order to test the relationships between product demand, product design and supply chain 
complexity in manufacturing supply chain, survey instruments are developed in three stages. 
A survey questionnaire was drafted representing each construct with various items. Using a 
panel of experts, questions that were poorly worded were firstly identified and then removed 
or modified to eliminate ambiguity. Survey items, in the first stage of the survey were pre-
tested using a panel consisting of 6 experts––three supply chain industry managers and three 
supply chain academics. This approach is often referred to as investigator triangulation. The 
number of members in the panel often ranges from 3 to 10 (Lynn, 1986). 
The triangulation approach is characterised by two or more separate viewpoints, aiming to 
converge into a single one. This allows the researcher to be more confident with results as 
different methods have led to the same result. Investigator triangulation involves using 
several different people in the analysis process. As a rule, the same sets of instructions are 
given to all the specialists in the field of study wherein every expert analyses the information 
on the survey questionnaire. Experts then examine each of the questions listed in the survey 
and provide feedback. The feedback from each expert is then compared and contrasted with 
the aim of capturing commonality. If the insights provided by different experts arrive at the 
same conclusion, then there is greater confidence in the survey’s quality in terms of its ability 
Supply Chain 
Configuration 
Complexity 
Adopted and 
customised 
from Hieber 
(2002)  
xiv. How many value-adding tiers are there 
in your supply chain network? 
1- 2 
to 
5- More than 5 
xv. How many logistics channels are there 
in your supply chain network? 
1- 1-2 
to 
5- More than 5 
xvi. How complex are the linkages of your 
key suppliers (based on number of tiers 
& channels they are connected with)? 
Are they connected to many other 
partners through many channels?  
1- Not complex at all (connected to a few 
other partners through a few channels) 
to  
5- Extremely complex (connected to many 
other partners through many channels) 
xvii. What is the geographical spread of this 
supply network? 
1-Local 
to  
5- International 
xviii. How long do you intend to source from 
these key suppliers? 
1- Less than 1 Year 
to  
5- More than 4 Years 
xix. What is your type of partnership with 
these key suppliers? 
1-Group 
to  
5- Independent business partners 
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to capture the constructs. Based on the feedback of experts only a few questions and items are 
edited.  
In general, the panel of experts acknowledged that the questions are mostly clear and that 
they understand the questions and their options. However, minor adjustments in wording are 
made to simplify the questions. Questions are modified so that they read better and avoided 
any confusion. Two items were removed. For instance, “Similarity of business culture” 
(COLL5) was suggested as an item whose measurement requires further elaboration and 
contextualisation because culture is a multi-faceted construct. Thus, this item is removed 
from the scale of supply chain collaboration. The second item that was recommended for 
removal was “Demand Variation” (COOR4) in the coordination construct. Based on the 
experts’ suggestion, demand variation would in any case be measured in demand complexity, 
so there was no reason to ask this question. 
5.5.3 Step 3: Pilot study and instrument fine-tuning 
Pilot study refers to a smaller version of the full study and enables a survey instrument such 
as a questionnaire to be pre-tested (Oppenheim, 1992). Pilot studies are an important aspect 
of good study designs as their results increase the likelihood of the main study succeeding 
and useful knowledge being generated by it (Oppenheim, 1992). Learning from the pilot 
study can be carried forward in the form of changes to the survey instrument and/or the 
research methodology. 
In order to test the validity of this survey, in the second stage and after modifying the 
ambiguous items, a pilot study was then conducted. This study was piloted through an online 
survey sent to the members of Supply Chain and Logistics Association of Australia in 
Victoria. Based on this pilot study, three more items from the survey are removed. Integration 
levels (COOR2) in supply chain coordination was one item because its existence in the 
construct can be due to respondents’ individual interpretations of integration.  “Linkage 
Complexity” (CONF3) was the second item. This question has been found to be ambiguous 
in terms of its meaning and interpretation. Geographical spread of network (CONF4) was 
another item, which is also excluded. The majority of respondents indicated their supply 
chain was global, meaning a uniform answer was possible for this item. 
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5.6 DATA COLLECTION 
Accurate data collection is very important for maintaining the integrity of research, and this is 
irrespective of the type of study or the approach employed to collect data. Errors in sampling, 
inappropriate administration, inconsistencies between the research objectives and the 
questionnaire and errors in data processing can compromise the findings (Byrne, 2010). The 
likelihood of errors can be minimised by selecting appropriate data collection instruments and 
clearly stating how they will be used (Oppenheim, 1992).  Some of the outcomes of 
improperly collected data include: i) not being able to answer research questions accurately; 
ii) effect on the repeatability and validity of the study; iii) wasted resources; iv) incorrect 
findings resulting from the research process; and v) misguiding and misleading researchers 
who will pursue similar avenues of investigation in the future (Oppenheim, 1992).  
Engle and Quagrainie (2006) confirmed that irrespective of the nature of the research 
(whether the research attempt is exploratory, qualitative or quantitative), information and data 
need to be collected. The targeted information should relate directly to the research 
objectives, questions, and hypotheses. Engle and Quagrainie (2006) classified data into two 
major types: primary and secondary data. Primary data is new data gathered to solve the 
research problem. Primary data can be collected through different methods including 
questionnaires, interviews, in-depth discussions, focus groups, and from personal observation 
(Engle & Quagrainie, 2006). Secondary data is defined as already existing data or 
information that was previously collected by others, possibly for other purposes. Such data 
can include published data from sources such as archives, official government publications, 
reports, newspapers and research journals (Engle & Quagrainie, 2006).  
As a part of this research, the primary data was collected through a survey questionnaire. For 
the purpose of this study and according to the approach suggested by Sako etal., (1994), these 
supply chain experts were asked to answer questions based on the focal or most important 
product of their manufacturing company in terms of revenue. As discussed above, there are 
two main methods to conduct surveys using internet, these include emailing surveys to people 
which they can then fill out and return or simply emailing the survey link to respondents and 
they fill in the survey via the web page link. Email surveys are quite cost-effective and easy 
to operationalise and mail to people approach (Tashakkori and Teddlie 2009). However, the 
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disadvantage is that respondents should reply to the email, and therefore their identity will be 
revealed. Web-based surveys do not have this disadvantage even though the webpage link 
might be emailed to the person. At the time of filling out the survey the data is anonymised as 
the contact details of the person are not required. Therefore, the link to the webpage of the 
survey is emailed to the sample and the survey is conducted via a webpage. This method was 
both efficient and ensured the participants’ anonymity.  
The survey questionnaire is approved by the RMIT Business College Human Ethics Advisory 
Committee. Participants were provided with an introductory letter explaining the aims and 
intended benefits of the current study in simple language. Participants are also assured about 
the security of data and privacy of personal information including protocols on information 
sharing. The participants are provided with contact details and phone number of the 
researcher should they have any questions. They are also given the right to refuse 
participation or withdraw from the research at any stage.  
The data collection stage was divided into two approach. In the first approach, this survey 
web link was sent to members of the key industry associations. These include: Australian 
Industry Defence Network (AIDN), Furniture Association of Australian (FAA), Australian 
Manufacturing Technology Institute Limited (AMTIL), Association of Manufacturing 
Excellence (AME), Australian Industry group (AI), Supply Chain and Logistics Association 
of Australia (SCLAA) and Australian division of the American Production and Inventory 
Control Society (APICS). In this approach the survey link was sent by these associations to a 
total of 2,600 members.  
In the second approach a database containing the emails of Australian manufacturing 
companies’ supply chain and operations managers was acquired through Mint Global 
database. This database, containing a list of companies with contact email addresses, was 
used to send emails to 850 senior industry representatives.  
A total of 3,450 selected manufacturing supply chain experts were contacted. In order to 
motivate the respondents to participate in the study, a free summary of research findings to 
members and a presentation to associations was promised. Multiple methods suggested by 
Dillman (2000) were adopted to maximise the response rate. In first wave an email with a 
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covering letter and the link to the survey was sent to the members. The following inclusion 
criteria applied to them: 
 The member had to be involved in the manufacturing firm’s production, operation 
or logistics activities; and  
 The member had not filled out the survey on a previous occasion.  
In second wave a reminder email was sent to respondents approximately 30 days after the 
first email with those who have responded being asked to ignore the new email. This method 
resulted in 273 usable responses that led to an 8% response rate. 
5.7 PROFILE OF RESPONDENTS 
A profile of each respondent’s organisation was constructed. The nominal categories (coded 
with numerical labels that did not imply a rank or hierarchy) were organisation’s industry, 
respondents' position in the organisation, and the number of full-time employees. The 
frequency distributions (counts and percentages) for each category were tabulated.   
Respondents’ organisational profiles (counts and percentages in each category) are presented 
in Table 5.6. The total number of respondents was N = 273, of which more than two thirds (n 
= 198, 72.5%) work in the following industries: Motor Vehicle/Transport and Parts, 
Electrical/Electronic Equipment & Appliances, or the Industrial Machinery & Equipment. 
About one third (n=96, 35.2%) of respondents are Executive/General Manager in their 
organisation, and about the same proportion (n=95, 34.8%) are employed as Plant/Operations 
Manager, or Materials/Supply Chain Manager. Almost one third (n=81, 29.7%) of the 
respondents’ organisations have more than 150 full-time employees, and there is an almost 
equal distribution of respondents’ organisations employing less than 15 (n=53, 19.4%), 15-49 
(n=53, 19.4%), and 50-99 (n=54, 19.8%) full-time workers.  
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Table 5.6: Respondents’ Organisations Profile (N=273) 
Item Category Frequency Percentage 
1. Organisation’s 
Industry 
1 = Textile, Clothing and Footwear 6 2.20% 
2 = Motor Vehicle/Transport and 
Parts 
75 27.47% 
3 = Electrical/Electronic Equipment 
& Appliances 
53 19.41% 
4 = Industrial Machinery & 
Equipment 
70 25.64% 
5 = Prefabricated Building 
Manufacturing 
29 10.62% 
6 = Furniture Manufacturing 16 5.86% 
7 = Petroleum, Coal, Chemical and 
Associated Product Manufacturing 
6 2.20% 
8 = Food, Beverage and Tobacco 
Manufacturing 
8 2.93% 
9 = Other 10 3.66% 
2. Position in 
Organisation 
1 = Executive/General Manager 96 35.2% 
2 = Plant/Operations Manager 49 17.9% 
3 = Materials/Supply Chain Manager 46 16.8% 
4 = Production Manager/Planner 40 14.7% 
5 = Procurement/Purchasing 
Manager 
22 8.1% 
6 = Business Development Manager 17 6.2% 
9 = Other 3 1.1% 
3. Full-time 
employees in the 
Australian 
Organisation  
1 = Less than 15 53 19.41% 
2 = 15-49 53 19.41% 
3 = 50-99 54 19.78% 
4 = 100-149 32 11.72% 
5 = More than 150 81 29.67% 
5.8 OVERVIEW OF METHODS EMPLOYED 
Data analysis is the systematic application of statistical and/or other logical methods to 
describe, illustrate, condense, recap and evaluate the data collected (the Office of Research 
and Integrity, 2014). Data analysis is a process used to change or revise certain information 
where the objective is to reach a certain outcome for a given situation or issue. The nature of 
data analysis depends on the domain and objectives of data analysis. Data analysis is very 
important to a study and no research can survive without it (Hair et al., 2003). Some of the 
benefits of data analysis are: it assists in structuring the findings from various sources of data 
collection; it is useful in dividing a major problem into minor problems; it is a useful tool for 
117 
 
filtering out unnecessary and irrelevant data; and it minimises human bias when appropriate 
statistical techniques are employed (Hair et al., 2003). 
In this research, a range of techniques and methods are employed to explore and analyse data 
that are collected through survey questionnaires. These include conducting cross-tabulations 
and chi-square tests. Cross-tabulation helps to understand the interaction between two 
variables. Meanwhile, the joint frequency distribution of two categorical variables is analysed 
with the chi-square statistic to establish whether the variables are statistically independent or 
linked.  
A brief description of key statistical techniques employed to analyse and model data is 
presented below.  
5.8.1 Factor Analysis and Structural Equation Modeling 
Factor analysis is a statistical method used for identifying differences among observed, 
associated variables in terms of fewer potentially unobservable variables as factors. As an 
example, variations of four observed variables may be reflected in two unobserved variables. 
Factor analysis searches for such joint variations responding to fewer latent variables. The 
observed variables are turned into linear equations containing potential factors and error 
terms. Interdependencies among observed variables can be used for reducing the variables in 
the dataset. The eventual aim of factor analysis is to detect latent variables that cause 
manifest variables to co-vary. 
In this study, factor analysis was used to examine the datasets obtained. Structural equation 
modeling (SEM) was an integral aspect of this analysis. It combines factor analysis with path 
analysis and many other techniques. SEM is used to test relationships between measured and 
latent variables and also relationships between two or more latent variables. Such models can 
help explore direct, indirect and total effects in relationships. Structural equation models are 
widely used because of their simplicity, their ability to model complex relationships and their 
ability to model relationships between latent or non-observable variables.  
SEM is considered by some to include factor analysis, multiple regression and path analysis 
(Weston & Gore, 2006). Besides it is an appropriate method to test complex multivariate 
research models (Kline, 2011). The most    commonly    used    SEM   analysis   is    based on  
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5.8.2 Model Fit Criteria  
Model fit is the criterion that determines to what extent the structural equation model fits the 
data (Schermelleh-Engel et al., 2003). This provides additional quantitative estimates for the 
validity of the developed model and its applicability for adequately describing the available 
data. As long as there is no comprehensive model fit criteria which can comprehensively 
identify a precise model describing the data, it is necessary to consider several measures to 
investigate model fit on the basis of different measures. Each criterion can be characterised 
by a so-called goodness of fit (GOF) index that provides a quantitative evaluation of how 
well the model fits and describes the available data. To decide whether a particular model is 
consistent with the empirical data, simultaneous evaluation of various goodness-of-fit 
indicators is typically used. The best-suited model fit criteria rely on the type of the 
considered data and obtained outcomes. The criteria used in this study included chi-square, 
Chi-square/df, GFI, AGFI, RMR, RMSEA, TLI, CFI, NFI, AIC and CAIC.  
Chi-square Test 
In the context of a CFA, only the chi-square test statistic is utilised as the goodness-of-fit 
measure. Rest of measures are descriptive (Schermelleh-Engel et al., 2003). The chi-square 
test statistics are employed in hypothesis testing so that the model’s fit can be evaluated. If 
the assumptions of the test are satisfied, the χ2 test evaluates the difference between the 
population covariance matrix and the model-implied covariance matrix. It is used to test the 
null hypothesis that the differences between the indicated matrix elements are all zero. As a 
result, we should be interested in obtaining non-significant chi-square values for the 
associated degrees of freedom. There are, however, several short-comings in the chi-square 
test:  
i. Violation of the assumption of normality. This limitation originates from the fact that 
the chi-square test is only applicable where the observed variables are multivariate 
normal.  
ii. Model complexity. Chi-square value decreases when the number of 
parameters/variables increases.  
iii. Dependence of sample size. With increasing sample size, the chi-square value tends to 
increase. As a result, this test may cause a suitable model to be unjustly rejected. 
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Decreasing sample size causes a decrease of the chi-square value, which may result in 
the inappropriate acceptance of an incorrect model. Therefore, it has been 
recommended that the chi-square test should be used for sample sizes between about 
100 and 200, with an accompanying warning that the significance test becomes less 
reliable with sample sizes outside this range (Hair et al., 1995, p. 683).  
Due to these drawbacks, additional numerous descriptive fit indices have been developed, 
including Root Mean Square Error of Approximation (RMSEA), Root Mean Square Residual 
(RMSR), and Standardised Root Mean Square Residual (SRMSR). These other indices have 
been utilised in this exercise. 
Root Mean Square Error of Approximation (RMSEA) 
RMSEA measures the discrepancy between the observed and estimated input matrices per 
degree of freedom (Browne & Cudeck, 1993). It is measured in terms of the population – not 
just the sample used for the model. RMSEA values ≤ 0.05 are regarded as representing a 
“good fit”, values ranging from 0.05 to 0.08 as an “adequate fit”, values ranging from 0.08 to 
0.10 as a “mediocre fit”, whereas values larger than 0.10 indicate “unacceptable model fit” 
(Browne & Cudeck, 1993).  
Root Mean Square Residual (RMR) and Standardised Root Mean Square Residual (SRMR) 
RMR refers to a ‘badness of fit’ measure and is calculated based on the square root of the 
mean of the squared fitted residuals. A Root Mean Square Residual value near to zero 
indicates a good fit. However, without having regard for the scales of the variables it could be 
difficult to state whether a given RMR value indicates good or bad fit. This is because the 
fitted residuals are scale-dependent; i.e. residuals typically depend on the scale/values of the 
variables. The SRMR index has been introduced and used to overcome this problem. Similar 
to RMR, a zero SRMR value suggests a perfect fit. However, due to the dependence of 
sample size and sensitivity to mis-specified models it is difficult to reasonably establish cut-
off values for fit criteria (Hu & Bentler, 1999). The general rule is that the SRMR values 
should be less than 0.05 for a “good fit”, whereas values less than 0.10 can indicate an 
“acceptable fit” (Hu & Bentler, 1999).  
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Goodness of Fit Index (GFI) 
GFI has been designed to examine the model fit compared to "no model at all" (null model) 
(Jöreskog & Sörbom, 1993, p. 123). The GFI typically ranges between 0 and 1 with values 
closer to 1 indicating a better fit. In general, when compared to the baseline model, GFI of 
more than 0.95 indicates a good fit, while GFI >0.90 is conventionally referred to as an 
acceptable fit (Schumacker & Lomax, 1996). 
Other Model Fit Indices 
Additional model fit indices embrace the comparative fit index measures. They indicate and 
evaluate the proportionate improvement in fit by comparing the proposed model with a more 
restricted baseline model. In the current study the Normed Fit Index (NFI) and the 
Comparative Fit Index (CFI) were used. The values of the NFI and CFI range from 0 to 1, 
with higher values indicating better fit. NFI/CFI values of one suggests that comparing to the 
independence model, the target model is the most fitted version (Schermelleh-Engel et al., 
2003). In comparison to the baseline model, the NFI (CFI) of more than 0.95 (0.97) indicates 
a “good fit” (Kaplan, 2000, p. 107), while NFI (CFI) ≥ 0.90 (0.95) are conventionally 
indicative of an “acceptable fit” (Schumacker & Lomax, 1996). 
A possible drawback of NFI is that it could be reliant on the sample size. To overcome this 
problem, the Non Normed Fit Index (NNFI), also known as the Tucker-Lewis Index (TLI), 
was developed. In comparison to the independence model, TLI of more than 0.97 is 
indicative of a good fit, while TLI ≥ 0.95 is conventionally considered as representing an 
acceptable model fit (Schermelleh-Engel et al., 2003). The model fit indices of RMSEA and 
Chi-square were used to assess the CFA and SEM models in this research. Furthermore, 
bootstrapping served to minimise bias. The observed variables that were added to the SEM 
framework include six measures of product modularity, three measures of product 
innovativeness, six measures of product volatility, seven measures of supply chain 
coordination complexity, four measures of supply chain collaboration complexity, six 
measures of supply chain configuration complexity, and four measures of product structure 
complexity. The latent or unobserved variables that were included in the SEM framework 
include product modularity, product innovativeness, product volatility, supply chain 
configuration complexity, supply chain coordination complexity, supply chain collaboration 
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complexity, and product structure complexity. Variables that were found to be insignificant 
(at .05 level of significance) were dropped from the model. These include two measures of 
supply chain coordination complexity and three measures of supply chain configuration 
complexity. Table 5.7 sums up the key model fit indices. 
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Table 5.7: Model Fit Indices 
Type Definition Indicator Comments 
Benchmark (Ho, 
2006; Byrne, 2010) 
Absolute 
Fit Indicies 
Absolute fit indices 
determine how well the 
proposed model fits the 
data. Calculation of 
absolute fit indices 
“does not rely on 
comparison with a 
baseline model but is 
instead a measure of 
how well the model fits 
in comparison to no 
model at all” (Hooper et 
al., 2008, p.53) 
Model chi-square 
Evaluates the variation between the sample and fitted covariance matrices but it is 
sensitive to non-normality and sample size. 
p ≥ 0.05 
Relative chi-
square 
It is calculated based on chi-square index divided by the degrees of freedom and it 
is less sensitive to sample size. 
1 ≤ χ²/dƒ ≤ 2 
Root mean square 
error of 
approximation 
(RMSEA) 
Indicates how well in comparison to an unknown but optimally chosen parameter 
estimates would fit the population’s covariance matrix; also sensitive to the 
number of estimated parameters in the model. 
RMEA ≤ 0.05 
PClose One-sided test of the null hypothesis in which RMSEA has been calculated. PCLOSE ≥ 0.5 
RMR 
“Square root of the difference between the residuals of the sample covariance 
matrix and the hypothesised covariance model” (Hooper et al., 2008, p. 54). 
RMR ≤ 0.05 
Incremental 
Fit Indices 
Group of indices that do 
not use the chi-square in 
its raw form but 
compare the chi-square 
value to a baseline 
model. For these models 
the null hypothesis is 
that all variables are 
uncorrelated (Hooper et 
al., 2008) 
Normed fit index 
(NFI) 
This statistic assesses the model by comparing the χ2 value of the model to the χ2 
of the null model. The null/independence model is the worst case scenario as it 
specifies that all measured variables are uncorrelated. It is sensitive to sample 
size, underestimating fit for samples of less than 200.  
NFI ≥ 0.95 
Comparative fit 
index (CFI) 
Assumes that all latent variables are uncorrelated (null/independence model) and 
compares the sample covariance matrix with the null model. The 
null/independence model is the worst case scenario as it specifies that all 
measured variables are uncorrelated.  
CFI ≥ 0.95 
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5.9 SUMMARY 
This chapter has described the research design and methodology, which will guide the 
process of data collection and data analysis. The rationale for using the quantitative approach 
was presented. The procedures required for sample design, sampling size and selection 
criteria were also described. Development of the research instrument as one of the 
fundamental aspects of research was delineated. The demographic characteristics of all the 
participants who responded to the questionnaire were illustrated and finally, the appropriate 
data collection method and statistical model fit indices were reviewed. Summary of step by 
step data analysis is provided in appendix 6. 
The key conclusions of this chapter include: 
 A quantitative study with web survey questionnaire data collection method is the most 
appropriate approach for this research.  
 Data collection has to be conducted in supply chain manufacturing industry, focusing 
on the senior managers involved in supply chain design of products.  
 Exploratory and confirmatory factor analysis is suggested to prepare and validate the 
data for structured equation modeling analysis. 
The next chapter discusses the step-by-step data analysis including the chi-square test for 
independence, exploratory factor analysis and confirmatory factor analysis leading to 
validation of measurement model and structured equation modeling in Chapter 7.
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CHAPTER 6: DATA PREPARATION 
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6.1 INTRODUCTION 
This chapter presents the results and findings of initial data assessment and prepares the data 
for structured equation modeling analysis in the following chapter. This chapter begins by 
examining the data in terms of data screening, validity and reliability of survey instruments. 
This stage will ensure that data satisfies all normality, linearity and non-multicollinearity as 
basic assumptions of structured equation modeling. In the next step key statistics on supply 
chain complexity, product demand and product design are presented. Next, independent 
sample t-test is conducted to investigate the diversity of results across various organisational 
sizes and different industries. Then instruments are tested for content validity to ensure that 
they are measuring what they are designed to measure. Context validity is conducted in two 
separate sections. Firstly, the measure purification step is done and then exploratory factor 
analysis is conducted to extract the key dimensions of supply chain constructs and product 
characteristics.  
This chapter specifically answers two key questions: 
i. Is there a significant relationship between the respondents’ organisation size or type 
of industry and any of the supply chain complexity or product characteristics 
constructs measured through the survey? 
ii. What are the key components of supply chain complexity, product demand and 
product design characteristics constructs? 
6.2 DESCRIPTIVE STATISTICS 
The section below illustrates the descriptive statistics and describes the findings on level of 
product and supply chain complexity levels in the Australian manufacturing supply chain.  
6.2.1  Are Australian firms’ supply chains complex?  
This section elaborates the frequency distribution of item responses relating to supply chain 
complexity. The responses to questions related to supply chain configuration complexity 
indicated that in the majority (n=175, 64.1%) of cases there are 2 or 3 value-adding tiers in 
the supply chain of the product of interest; and there are 1 to 3 logistics channels in the 
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supply chain of the product in most cases (n=187, 68.5%). A vast majority (n=198, 72.5%) of 
the key suppliers are independent business partners of each respondent’s organisation. The 
supply network is primarily international in terms of geographical spread (n=184, 67.4%). 
Most (n=166, 60.8%) businesses tended to source from their suppliers for more than 4 years. 
Most (n=171, 66.6%) respondents indicated that their links to the key suppliers ranged from 
moderate to slightly complex. A summary of items in regard to supply chain configuration 
complexity is illustrated in Figure 6.1.  
 
Figure 6.1: Supply Chain Configuration Complexity 
The responses to questions related to supply chain collaboration complexity indicated that in 
the majority (n=137, 50.2%) of cases the orientation of the business relationships between the 
respondents’ organisation and the key suppliers was a cooperative one. When asked about the 
substitution of key suppliers, responses leaned more towards sole sourcing (n=110, 40.3%) 
compared to the suppliers being highly substitutable (n=72, 26.4%). The level of trust 
between the respondents' organisations and their key suppliers was described mostly (n=149, 
54.6%) as high to extremely high. When asked about the extent to which the key suppliers' 
networks interest and strategy were aligned with the respondents’ organisations, responses 
generally spoke of high levels of alignment (n=115, 42.1%) rather than low levels (n=36, 
13.2%). When asked about the similarity of the business culture of the key suppliers to each 
respondent’s organisation, answers favoured high levels (n=129, 47.3%) compared to low 
levels (n=45, 16.5%). When asked about the level of influence the respondents’ organisation 
and the key supplier has on each other’s supply chain decisions, most respondents answered 
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that there were high levels of influence (n=86, 31.5%) rather than low levels (n=60, 22%). A 
summary of items referring to supply chain collaboration complexity is illustrated in Figure 
6.2.      
 
Figure 6.2: Supply Chain Collaboration Complexity 
The responses to questions on supply chain coordination complexity indicated that the level 
of information sharing between the respondents' organisation and the key suppliers leaned 
more towards high levels (n=116, 42.5%) compared to low levels (n=77, 28.2%). Most 
respondents indicated that variation in amount of products purchased from their key suppliers 
rarely varied (n=87, 31.9%) compared to more frequently (n=59, 21.6%). A larger proportion 
of respondents indicated that the level of integration of logistics processes between their 
company and the key suppliers was low (n=124, 45.4%). A small proportion indicated that it 
was high (n=62, 22.7%). When asked about the level of independence in decision-making 
between the key suppliers and the respondents' company, the majority (n=160, 58.6%) of 
respondents indicated high levels of independence. High extent of long-term orders with the 
suppliers was more prevalent (n=101, 37%) than low extent of long-term orders (n=85, 
31.1%). The degree of communication between the respondents’ -  multiple tiers and 
channels of organisations’ supply chains - was mostly described as high (n=91, 33.3%) rather 
than low (n=73, 26.7%). The extent to which information technology was used between the 
respondents’ organisation and their key suppliers was mostly described as low (n=98, 35.9%) 
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and not high (n=79, 28.9%). A summary of items in regard to supply chain coordination 
complexity is illustrated in Figure 6.3.      
 
Figure 6.3: Supply Chain Coordination Complexity 
6.2.2 How complex is product demand and product design? 
The frequency distribution of item responses relating to product demand and design is 
summarised in Appendix 1. Most (n=142, 52%) respondents indicated that less than ten 
versions of the product of interest are offered to the customers by their company. This 
indicates that Australian manufacturing firms are offering less variety of products.  Most 
(n=140, 51.3%) respondents indicated that the life cycle of such a product would be longer 
than five years. Hence, we notice a long product life cycle in products manufactured in 
Australia. The mean of product demand volatility constructs is positioned at the higher end of 
the Likert scale, indicating a high product demand volatility faced by Australian 
organisations. Figure 6.4 below illustrates the mean on product demand and design 
constructs. 
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Figure 6.4: Product Demand and Design Constructs among Australian Organisations 
The frequency distribution of item responses relating to product design is summarised in 
Appendix 2. The responses to the items relating to product modularity were mostly located at 
the agreement end of the Likert scale, indicating a high product modularity among products 
made in Australian manufacturing supply chains. Another surprising finding was the 
responses to the items relating to product innovativeness that were mostly located at the 
familiar end of the Likert scale. This indicates a low level of product innovativeness within 
the Australian manufacturing environment. Finally, the responses to items related to product 
structure complexity were mostly located at the high end of the Likert scale, indicating a high 
product structure complexity.   
6.2.3 What are the Delivery Lead Times and Stock Out Rates for Australian 
supply chains? 
The average stock out rate or late deliveries for the product of interest was less than 10% 
(n=221, 81%). On most occasions (n=145, 53.1%), the average margin regarding forecasting 
errors/problems for the product of interest at the time manufacture is committed, is less than 
10 per cent. In most cases (n=166, 60.8%), the average production lead time required for the 
product of interest - based on main customers’ orders - was up to 12 weeks. The average 
delivery lead time required for the product of interest based on an order from the main 
customers was also up to 12 weeks in most cases (n=182, 66.7%). Most (n=184, 67.4%) 
0 1 2 3 4 5
Product Modularity
Product Innovativeness
Product Structure Complexity
Demand Volatility
Product Variety
Product Life Cycle
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respondents indicated that the contribution margin of their most important product was up to 
30% (see Appendices 3 and 4 for more details). 
6.2.4 Do supply chain complexity and product characteristics vary across 
different organisation sizes? 
Descriptive statistics are computed for all survey items, and the observed trends were 
summarised. Furthermore, categorical data was cross-tabulated in the form of contingency 
tables. Differences in the supply chain complexity and product characteristics across different 
organisations were tested using a t-test. The assumption of independent observations was met 
as the sampling of one variable did not affect the choice of any other variable included in the 
analysis. The assumption of mutual exclusivity of row and column variables was met since 
no combination of these variables overlapped. Furthermore, the assumption of large expected 
frequencies was met as only the results which meet this criterion have been reported. 
A t-test of independence was done to examine the relationship between all constructs and the 
size of the organisation. Firms’ different sizes are collapsed into two major categories: firstly, 
large organisations; and secondly, small and medium-sized organisations. Businesses with 
less than 15 full-time employees, 15 to 49 full-time employees, and 50 to 99 full-time 
employees were classified as small or medium-sized businesses; and businesses with 100 to 
149 full-time employees, and more than 150 full-time employees were classified as large 
businesses. This is required to satisfy the t-test’s assumption of expected frequencies against 
all the responses.  
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Table 
6.1: 
 
 
 
 
 
 
 
 
 
 
 
The sample t-test illustrated in Table 6.1 indicates that product innovativeness is statistically 
significant, meaning larger firms tend to have more innovative products than SMEs (p<0.1). 
Large organisations are more likely to develop and manufacture innovative products, and 
consequently there is a significant difference in the mean values of product innovativeness 
between larger firms and SMEs. 
The mean difference in supply chain configuration complexity between small-medium and 
large organisations is also at a significant (p<0.1) level. More complex supply chain networks 
and a larger depth and breadth of suppliers across large enterprises explains this impact. On 
the other hand, small and medium-sized organisations usually have fewer suppliers and hence 
have less supply chain configuration complexity. Furthermore according to the sample t-test, 
product variety is also statistically affected by organisational size. These results revealed that 
small and medium-sized organisations offer less variety of products while large ones offer a 
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higher variety. Capital strength and larger global market access of larger organisations can be 
the reason for this difference. 
6.2.5 Do supply chain complexity and product characteristics vary across 
different types of industries? 
In order to perform a t-test of independence for type of industry in the collected data, 
organisation types were classified into two groups. Categories of ‘Motor Vehicle/Transport 
and Parts’ ‘Electrical/Electronic Equipment & Appliances’ and ‘Industrial Machinery & 
Equipment’ were classified as ‘Hardware Manufacturing; the position categories, 
‘Prefabricated Building Manufacturing’, ‘Textile, Clothing and Furniture’ and ‘Other’ were 
classified as ‘Other Manufacturing’. 
Table 6.2: 
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The independent sample t-test illustrated in Table 6.2 indicates that none of the product or 
supply chain complexity constructs are statistically significant across different types of 
industry. This means that industry types make no difference in terms of creating higher or 
lower levels of supply chain complexity as well as product characteristics.  
6.3 DATA PREPARATION 
Data preparation is undertaken for a number of aims. The initial aims is to reduce the 
measurement errors and test the reliability of data. Another aim is to confirm that collected 
data meet the validity prerequisites for multivariate techniques including SEM. Multivariate 
analysis is applied to capture the simultaneous impact of product demand and design on 
supply chain complexity. Thus, it enables analysing multiple variables within a single 
analysis (Hair et al., 1986). Statistical analyses were conducted using Statistical Package for 
the Social Sciences (IBM SPSS) and M-Plus software.  
Data is coded according to a numerical system transposed on the Likert scale according to the 
nature of the questions. For example, nominal data can be expressed as n-valued variables. 
Ordinal data is multi-valued with an ordering relationship, where the actual distance between 
any two-neighbour values is unknown. This involves the following format of a 5-point Likert 
scale, for example, 1- Strongly agree; 2 - Agree; 3 - Neither agree nor disagree; 4 - Disagree; 
and 5 - Strongly disagree. Throughout, the data was examined for data entry errors, 
plausibility of means and standard deviation, outliers and missing values.  
6.3.1 Data screening and cleaning  
The inclusion of missing values (i.e. the items that were not answered, and left as blanks in 
the data matrix) could potentially bias the results of statistical analysis (Tabachnik & Fidell, 
2007). Therefore, it was important to screen the responses for missing values in order to draw 
valid conclusions and remove hidden bias (SPSS, 2013). Any consistent or regular patterns in 
the missing values are ascertained. Since the inclusion of missing responses could bias the 
results of the statistical analysis, it was imperative to clean the data by screening and 
removing the missing values. Data was analysed for missing values, but no missing values 
found. That is because all questions were mandatory in the survey. 
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6.3.2 Test for normality 
Prior to conducting statistical analyses, it is vital to inspect the assumptions of parametric 
statistics. Visual inspection of data using histograms with normal curves, overlaid, stem-and-
leaf plots, box plots, P-P plots and Q-Q plots were conducted to examine the normality of the 
data––skewness and kurtosis.  
Kolmogorov-Smirnov (K-S) test served to check the statistical significance of normal 
distribution of data variables. The results (see Appendix 5) suggest that the survey variables 
did not meet the SEM’s assumptions of normality. Bootstrapping method is adopted to rectify 
the normality issue (Byrne, 2010).  
Bootstrapping goodness-of-fit measures in the structural equation models were attempted by 
Bollen and Stine (1992). They pointed out that violations of assumptions for chi-square tests 
and unknown statistical distributions of many data can complicate goodness of fit tests.  Non-
nested and mis-specified models complicate the matter further. In these situations the 
bootstrapping technique would be an ideal method for mis-specified models. Bootstrapping 
makes it possible to estimate the sampling distribution of statistics relevant to the analysis. It 
is often used in scenarios where the parametric assumptions are not met or are in doubt, or 
where parametric estimation is very complex for the calculation of standard errors. 
Bootstrapping has many benefits. Firstly, the assumption of SEM is the data has a 
multivariate normal distribution. This resampling method has more accurate Type I error 
rates and power than a single sample method which assumes a normal distribution. Secondly, 
it allows researchers to assess the stability of parameter estimates. Thirdly, it can be used 
with small to medium-sized samples. Hence, bootstrapping was conducted in this research to 
overcome the non-normality concern.  
6.3.3 Outliers and Multicollinearity  
As long as the values of answers range from 1 to 5 a univariate outlier identification is 
deemed to be redundant, hence a multivariate outlier test is done. Mahalanobis distance test 
was adopted for the purpose of Multivariate outlier detection (Tabachnick & Fidell, 2007). In 
this approach M²/df is calculated for individual constructs (Hair et al., 2010). A range of 2.5 
to 4 has been recommended as the threshold for M2/df in this test (Hair et al., 2010), however 
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it has been suggested that the user can set the exact threshold according to sample size and 
type of study. For the purpose of this study, a threshold of 3.5 was set and based on this three 
multivariate outliers were detected. As a result, identified cases were deleted.  
Multicollinearity is checked through correlation analysis, which measures the strength of the 
linear relationship between two continuous variables. A high value for the correlation 
coefficient indicates a strong relationship between variables. From a multivariate perspective, 
this may lead to the problem of multicollinearity.  Spearman’s correlation coefficient and its 
statistical significance (.05 level for significance) was computed for all the survey variables. 
Spearman's correlation coefficient is suitable for both continuous and discrete variables 
(including ordinal variables), and parametric and non-parametric data. That is why it was 
chosen over Pearson’s correlation coefficient in computing the correlations. Item-to-item 
correlations were calculated to test for multicollinearity, and multicollinearity issue was not 
detected. 
 
Data is divided to two groups based on the first wave and second wave of response to 
examine the non-response bias test (Armstrong and Overton, 1977). The t-test based on 
comparison of the two groups of data indicated no non-respone bias issues. This reiterates 
that there was no significant difference between the respondents and non-respondents. 
6.4 CONTENT VALIDITY 
Content validity is an essential step in the scale’s development because it represents an initial 
mechanism for linking abstract concepts with quantifiable indicators. Content validity is 
defined as the extent to which an instrument adequately samples the research domain of 
interest when trying to measure certain phenomena (Wynd et al., 2003). Validity is difficult 
to assess, and it can take many forms; items on the survey must relate to the construct being 
measured. Content validity is how representative your questions are in regard to the sampling 
adequacy of items. This is achieved when items are first selected; items that are blatantly very 
similar to other items are typically not selected. This is to ensure that questions cover the 
wide range of the construct. As noted by Lynn (1986), researchers compute two types of 
6.3.4 Non-Response Bias Test 
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content validity indices. The first type involves the content validity of individual items, and 
the second involves the content validity of the overall scale. There is sufficient agreement 
about how to compute the content validity indices. A formal process used to validate the 
content of the questionnaire was through a measure purification approach and an Exploratory 
Factor Analysis (EFA) (Hair et al., 2010). Results from these measures are provided in the 
subsequent sections. 
6.4.1  Measure Purification 
Measure purification refers to the process of deleting items that are not relevant to the scale 
or which may measure a characteristic already measured by another item (Hair et al., 2010). 
One has to be careful in the process of measure purification as important aspects that need to 
be measured may be removed, and this can unbalance the scale. In such a scenario, the 
content validity may then be compromised and must, therefore, be carefully observed 
throughout the scale purification process.  
In positivist research, an important assumption is that the research instrument contains items 
that measure unique phenomena and that systematic error is minimised (Churchill, 1979). An 
ideal item development process ensures that the finalised items theoretically operarationalise 
the constructs. Instrument validation procedures like factor analysis should be preceded by 
measure purification (Straub, Boudreau & Gefan, 2004). This improves the research 
instruments reliability and guarantees that items measuring non-unique phenomenon are not 
included (Churchill, 1979). This also confirms that the constructs measure the same thing 
although different participants are surveyed (Straub, Boudreau & Gefan, 2004).  
A reliability analysis was conducted to purify the measure. Reliability analysis refers to 
assessing the measurement errors within constructs (Kumar, 2005). Reliability is concerned 
with measuring a set of unique phenomena in a scale (Straub, Boudreau & Gefan, 2004). In 
order to measure the reliability, six different methods can be employed (Straub, Boudreau & 
Gefan, 2004), of which the internal consistency technique is employed in this research. The 
internal consistency reliability method assesses the instrument’s consistency. In other words, 
it assesses the consistency of responses through the entire survey items, representing a 
construct (Hu & Bentler, 1999). Item scale correlations and Cronbach’s alpha are amongst 
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the most widely adopted techniques for assessing the internal consistency reliability (Hu & 
Bentler, 1999).  
Cronbach’s alpha and item-scale correlations were calculated for each construct separately. A 
common cut off threshold of 0.70 is used, meaning alpha values higher than this threshold 
represent higher reliability of the construct. Lower alpha values specify that construct have 
measured poorly. However, alpha values rely on the number of items for a construct 
(Churchill, 1979). Typically, having more items could potentially generate high alpha values.  
Item-scale correlation is another measure that investigates the internal consistency reliability. 
Item-scale correlations measure the correlation among items within a construct (Churchill, 
1979). Low correlations are considered unreliable and specify that the items do not capture a 
single construct (Hu & Bentler, 1999). Conversely, very high values (>0.95) could be 
redundant, or they could indicate that participants’ responses are not objective. This can be 
due the reason items were clustered together, and participants have answered the questions 
without attention to the content (Straub, Boudreau & Gefan, 2004). The threshold for item-
scale of this study is chosen as 0.4 (Palvia, 1996). Because of the low value of item scale, 
four items are deleted, these being MODU4, CONF5, COLL6, and COOR5. The item-scale 
correlations and Cronbach’s alpha scores are re-computed and are provided in Table 6.3.  
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Table 6.3: Item Reliability Scores – Final 
Item Cronbach's Alpha 
Product 
Modularity 
MODU1 
0.829 
MODU2 
MODU3 
MODU5 
MODU6 
Product 
Innovativeness 
INNO1 
0.923 INNO2 
INNO3 
Product Structure 
Complexity 
COMP1 
0.928 
COMP2 
COMP3 
COMP4 
Product Demand 
Volatility 
VOLA1 
0.942 
VOLA2 
VOLA3 
VOLA4 
VOLA5 
VOLA6 
Supply Chain 
Configuration 
Complexity 
CONF1 
0.923 CONF2 
CONF6 
Supply Chain 
Collaboration 
Complexity 
COLL1 
0.869 
COLL2 
COLL3 
COLL4 
Supply Chain 
Coordination 
Complexity 
COOR1 
0.887 
COOR3 
COOR6 
COOR7 
6.4.2  Exploratory Factor Analysis (EFA) 
EFA is done using the 30 items. The aim is to explore if these 30 variables could be 
explained in terms of a smaller number of inter-correlated variables called factors, such that 
each factor measured a different aspect of the supply chain. The solution to EFA depends on 
the sample size, number of variables and structure of the correlation matrix. Less than 100 
cases is a small sample for EFA, and unlikely to produce a meaningful solution.  A sample of 
100-200 is considered to be fair, whilst 200 or more as used in this study (with more than 10 
cases for each variable) is likely to produce a meaningful solution (Hair et al., 2010).  
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There are two common methods in EFA, which are applied to extracting underlying factors 
within the data - Principal Factor Analysis (PFA) and Principal Components Analysis (PCA). 
If the researcher simply wants to reduce a large number of items to fewer number of 
underlying latent variables then PCA is the preferred technique; however, in this study, the 
aim was to explore the structure of the dimensions indicated by inter-correlations between the 
questionnaire items, so that PFA was the preferred choice (Hair et al., 2010). PFA is a 
correlation-focused approach that identifies the least number of factors which can account for 
the common variance shared by a set of variables.  The loadings or correlations between the 
factors and variables are computed. Since loadings represent correlation coefficients between 
the factors and the variables, their possible values range from -1 to +1. EFA aims to validate 
the items, so the loadings were not associated with null hypotheses, p values, or significance 
levels.     
Since the factor solution can be visualised as a projection into three-dimensional space, it can 
be rotated, so that different factors can be extracted, depending on which viewpoint is taken. 
Varimax is the most common rotation option because it maximises the variance of the 
squared loadings of each factor on each variable, which has the effect of widely 
differentiating the variables with respect to the factor loadings. Using Varimax rotation, each 
factor usually has either a large or a small loading on each variable and the factor solution is 
generally easy to interpret (Hair et al., 2010); however, Varimax assumes that the factors are 
not correlated.  Direct Oblimin is a less commonly used rotation method, providing a solution 
allowing the factors to be correlated. Direct Oblimin rotation was justified in this study on the 
grounds it may provide a more realistic factor solution by including correlated factors.  
The structure matrix and the pattern matrix were computed. The structure matrix was a table 
of coefficients representing both the unique and the common or cross-loaded contributions of 
the variables associated with each factor. The pattern matrix contained only the coefficients 
representing unique contributions to the factor solution. The pattern matrix was easier to 
interpret and therefore used in this study. The following rules were applied to interpret the 
pattern matrix. A valid factor should have an eigenvalue > 1.0 and contain at least two 
variables with minimal loadings of ± .3. Variables with factor loadings greater than ±.6 were 
considered to contribute most significantly to a factor, whereas variables with loadings less 
than ± .3 were considered to contribute little or nothing, and therefore were excluded.  
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The dimensional structure of 30 items used to collect the perceptions of survey respondents 
on various aspects of supply chain was extracted from the pattern matrix. This involved using 
Principal Axis Factoring with Direct Oblimin Rotation and Kaiser Normalization. This 
method assumed that that all of the items measured perception of survey respondents on 
various aspects of supply chain in the same logical direction and that the factors would be 
inter-correlated. A 6-factor solution, each with eigenvalues greater than 1 was extracted, 
which explains 80% of the total variance in the data (Table 6.4).   
These factors cumulatively explain the variance (79.66%) and the factor loadings for all the 
individual items in these factors (except Factor 6) are also more than 0.60. The minimum 
factor loading of the individual items from Factor 6 is still more than 0.50 which is at high 
levels. These results indicate factorial validity. In fact the factor loadings for the individual 
items within factors are all greater than 0.60 which is at high levels. Overall, the results of the 
EFA indicate that the items included in the questionnaire are valid, non-repeating and 
representative of the various aspects of supply chain being measured. Therefore, the EFA 
confirms the validity of the items used in the questionnaire. 
However, Table 6.4 indicates product modularity and product structure complexity as the 
same factors in Factor 1. According to Farrell (2010), in these cases items should be 
combined to represent a single construct except in cases where this cannot be conceptually 
supported.   In these cases one of the constructs is suggested to be removed (Sánchez Acenjo 
Carrillo, 2014). As long as product structure complexity and product modularity are two 
critical constructs of this research, no further action was taken to investigate the congeneric 
measurement models and then to make a decision in discriminant validity test stage.   
142 
 
Table 6.4: Structure of the Questionnaire Extracted from the Pattern Matrix by Principal Axis Factoring with Direct Oblimin Rotation and Kaiser Normalization (N = 273) 
     
Loadings from the Pattern Matrix 
     
    Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
Item FACTOR 1 & 2: Product Modularity  &  Product Structure Complexity               
MODU1 To what extent you agree -Product is designed to enable the swapping of components.   0.871           
MODU2 
To what extent you agree -Product Functions can be directly added or deleted by adding or removing 
components. 
  0.888           
MODU3 To what extent you agree -Product has interchangeable features and options.   0.801           
MODU5 To what extent you agree -Product components are able to accept a wide range of components.   0.781           
MODU6 To what extent you agree -Product is designed to be easily reconfigured.   0.885           
COMP1 Please rate the product -Level of technical component   0.684           
COMP2 Please rate the product -Level of sophisticatedness   0.753           
COMP3 Please rate the product -Level of engineering component   0.752           
COMP4 Please rate the product -Level of complexity   0.703           
  FACTOR 2: Supply Chain Configuration               
CONF1 How many value-adding tiers are there in supply chain of this product?     0.890         
CONF2 How many logistics channels are there in supply chain of this product?     0.895         
CONF6 How complex are the linkages of these key suppliers (Based on number tiers and channels they are con...     0.849         
  FACTOR 3: Supply Chain Collaboration               
COLL1 What is the type (or orientation) of business relations between you and these key suppliers’?       0.678       
COLL2 To what extent can you replace these key suppliers?       0.606       
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COLL3 What is the level of trust and openness between your company and these key suppliers?       0.765       
COLL4 To what extent you and these key suppliers' network interest and strategy are aligned?       0.695       
  FACTOR 4: Product Innovativeness               
INNO1 To what extent your company was familiar with -Technology         0.828     
INNO2 To what extent your company was familiar with -Engineering and design         0.877     
INNO3 To what extent your company was familiar with -Production technology & process         0.865     
  FACTOR 5: Product Volatility               
VOLA1 To what extent you agree -Sales are predictable           0.787   
VOLA2 To what extent you agree -Market trends are easy to monitor           0.728   
VOLA3 To what extent you agree -Sales forecast are easy to monitor           0.601   
VOLA4 To what extent you agree -Sales volume are stable           0.612   
VOLA5 To what extent you agree -Sales volume change rarely (Low Frequency)           0.801   
VOLA6 To what extent you agree -Range of sales volume change is small (Low Variation)           0.819   
  FACTOR 6: Supply Chain Coordination               
COOR1 What is the level of information sharing between you and these key suppliers?             0.574 
COOR3 What is the integration level of logistics processes between your company and these key suppliers?             0.549 
COOR6 What is the degree of communication between your supply chain multiple tiers and channels?             0.776 
COOR7 What is the extent of information technology used between you and these key suppliers?             0.699 
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6.5 SUMMARY 
This chapter examined the data collected from the supply chain and manufacturing managers, 
and prepared the data for further analysis where univariate and multivariate statistics would 
be employed. 
In the first step, the normality of observed data was tested and bootstrapping method to 
rectify the non-normality was suggested. Then Outliers and Multicollinearity tests were 
conducted and no problem is found. Then in the third-step demographic data was explored, 
and the frequency and level of supply chain complexity and product demand and design 
characteristics were discussed. Based on the results, supply chain complexity of Australian 
manufacturing firms was found to have a medium range complexity. Another interesting 
finding is the long life cycle and very low product innovativeness in the Australian 
manufacturing supply chain. 
Independent sample t-test revealed that the size of organisations significantly influences the 
level of supply chain configuration complexity, product innovativeness and product variety. 
However, industry has no significant impact on supply chain and product characteristics. 
Towards the end of this chapter, the research instrument was validated through an internal 
consistency test followed by an exploratory factor analysis. Relevant items for individual 
constructs were extracted using Exploratory Factor Analysis.  
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CHAPTER 7: DATA ANALYSIS 
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7.1 INTRODUCTION 
The aims of data analysis and modeling in this chapter are to firstly build a step-by-step 
measurement model to establish the relationships between supply chain complexity and 
product demand and design characteristics. Secondly, structural equation modeling is 
undertaken to identify the significance and direction of relationships between the observed 
and latent variables. The data analysis and modeling seek to identify the predictors of supply 
chain configuration, collaboration and coordination complexity through product modularity, 
product innovativeness, product structure complexity, product demand volatility, product life 
cycle and product variety. More specifically, this chapter seeks to address the following 
research questions: 
i. Does the measured product demand, product design and supply chain complexity 
constructs fit the proposed theoretical framework? 
ii. Does product demand and product design characteristics have a significant 
relationship with supply chain complexity? 
7.2 CONFIRMATORY FACTOR ANALYSIS 
In previous chapter, through an exploratory factor analysis, underlying structures of 
constructs are identified. In this chapter, a structural equation modeling (SEM) technique has 
been adopted to perform the confirmatory factor analysis (CFA). In CFA, model fit indices 
will evaluate the construct validity (Tabachnick & Fidell, 2007). A theoretical framework is 
one of the prerequisites of a CFA. This framework predetermines the theoretical assumptions 
and assumes certain level of factor loading for each variable (Byrne, 2010). The theoretical 
framework has been presented earlier in this thesis. CFA evaluates the association among 
factors and their measured variables and therefore it is often referred to as a measurement 
model (Byrne, 2010). Measurements are examined for their ‘goodness of fit’ to the data 
collected from the sample using fit indices (Byrne, 2010).  
CFA is carried out to develop the measurement model. CFA is different from SEM in that 
CFA does not establish causal relationships between factors, whilst SEM does allow such 
relationships to be established. Measurement models are developed individually for all 
constructs, which makes it possible to establish a full measurement model. This allows 
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testing the goodness of fit for each of the constructs that were not computed in EFA. These 
measurement models are discussed in more detail below. 
7.2.1 Supply Chain Collaboration Complexity  
The SCC congeneric measurement model has been developed through 4 items (COLL1, 
COLL2, COLL3, and COLL4). Congeneric measurement models include various uni-
dimensional constructs where the cross-loadings are presumed to be zero. In congeneric 
measurement models same latent variables are possibly measured with alternate scales, 
various levels of accuracy, and altered error estimates (Holmes-Smith, 2002). This 
measurement is different to parallel models. On this theme, supply chain collaboration as a 
factor of a linear combination has been evidenced in EFA. It had combined four items and 
was labelled as FACTOR 3 - Supply Chain Collaboration Complexity. Figure 7.1 illustrates 
the SC Collaboration complexity measurement model. Standardised factor loadings of this 
construct are presented inside the lines connecting the latent variable (COLL) to the 
measured items. 
 
Figure 7.1: Supply Chain Collaboration Complexity Measurement Model 
The measurement model for supply chain collaboration complexity is identified and contains 
two ‘degrees of freedom’. The fit statistics presented in table 7.1 illustrates an admissible 
model. For instance, the ratio of χ2 and df is 0.982, which is within acceptable limits. An 
RMR of 0 indicates a perfect fit and the smaller the value for RMR the better it is for a 
model. The RMR value of 0.009, therefore, suggests acceptability.  
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Table 7.1: Supply Chain Collaboration Complexity Statistical Results 
A CFI value greater than or equal to 0.95 is considered good - in view of this the CFI value of 
1 for this model is acceptable. RMSEA indicates how well the chosen parameter estimates 
would fit the population’s covariance matrix in comparison to an unknown. The RMSEA 
value for the model is less than 0.06; hence the RMSEA value of 0 for this model is 
acceptable. The p of close fit (pclose) or close-fitting model statistics,  provides a one-sided 
test of the null hypothesis where the value of RMSEA equals 0.05. If the p is greater than 
0.05 (i.e. statistically insignificant), then it is concluded that the fit of the model is close. The 
pclose value of 0.585 indicates that its fit is close. 
The parameter estimates are all statistically significant (at 0.001 level) for COLL1, COLL2, 
COLL3 and COLL4 are 0.79, 0.73, 0.85 and 0.80, respectively. The parameter estimates 
indicate that COLL3 is most strongly associated with SC Collaboration Complexity (COLL) 
while COLL2 is the least strongly associated.  
The squared multiple correlation (SMC) values for the model indicate the reliability of the 
measurement items. COLL3 has the highest SMC (0.72) and COLL2 has the lowest (0.53). 
Value of the normed chi-square is at 1.964, which is close to the acceptable level of 2. The 
badness fit test is not significant (p=0.375>0.05), indicating a significant fit of the model. 
Statistics of model fit are, therefore, within satisfactory thresholds, which confirm that the 
survey items capture the construct of supply chain collaboration complexity.  
 
Model identification      Model Fit Statistics 
observed variables    = 4   χ
2
 = 1.964  CFI = 1 
estimated parameters  = 9   χ
2
/ df = 0.982  
RMSEA = 0 
df   = 2   p = 0.375  
Model is identified      RMR = 0.009   PCLOSE = 0.585 
Item Construct Estimate p SMC Comment 
COLL1 Supply Chain Collaboration Complexity 0.79 *** 0.62 Convergent validity holds 
COLL2 Supply Chain Collaboration Complexity 0.73 *** 0.53 Convergent validity holds 
COLL3 Supply Chain Collaboration Complexity 0.85 *** 0.72 Convergent validity holds 
COLL4 Supply Chain Collaboration Complexity 0.80 *** 0.64 Convergent validity holds 
(*** = p< 0.001, ** = p< 0.01, * = p< 0.05) 
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7.2.2 Supply Chain Configuration Complexity 
The congeneric measurement model of the supply chain configuration construct is presented 
below. The proposed model consists of three factors (CONF1, CONF2, and CONF6). The 
results of the EFA reported previously supported this model because it combined these three 
factors together as a linear combination into one factor (FACTOR 2 - Supply Chain 
Configuration). The proposed model for supply chain configuration consisting of the above-
mentioned three items is illustrated below (Figure 7.2). 
 
 
Figure 7.2: Supply Chain Configuration Complexity - Measurement Model 
The standardised factor loadings are presented inside the lines connecting the latent variable 
(CONF) to the three measured items. The Squared Multiple Correlations are illustrated above 
the three individual items. 
Table 7.2: Supply Chain Configuration Complexity – Model’s Statistical Results 
Model identification      Model Fit Statistics 
observed variables    = 3   χ
2
 = 0.558  CFI = 1 
estimated parameters  = 4   χ
2
 / df = 0.29  
RMSEA = 0 
df   = 2   p = 0.74  
Model is identified      RMR = 0.015   PCLOSE = 0.83 
Item Construct Estimate p SMC Comment 
CONF1 Supply Chain Configuration Complexity 0.90 *** 0.81 Convergent validity holds 
CONF2 Supply Chain Configuration Complexity 0.87 *** 0.76 Convergent validity holds 
CONF6 Supply Chain Configuration Complexity 0.89 *** 0.82 Convergent validity holds 
(*** = p< 0.001, ** = p< 0.01, * = p< 0.05)     
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The proposed model for supply chain configuration is identified and contains three degrees of 
freedom. The statistics of model fit in Table 7.2 show an admissible model. The ratio of χ2 
and df is 0.29 and acceptable. RMR of 0 indicates a perfect fit and the smaller the value for 
RMR the better for a model - in view of this the RMR value of 0.015 for this model is 
acceptable. A CFI value greater than or equal to 0.95 is considered good - in view of this the 
CFI value of 1 for this model is acceptable. RMSEA value should be less than 0.06 to 0.08 - 
in view of this the RMSEA value of 0 for this model is acceptable. The pclose value of 0.83 
for this model indicates that its fit is close. 
The parameter estimates for CONF1, CONF2, and CONF6 are 0.90, 0.87 and 0.89, 
respectively and these are all statistically significant at 0.001 level. The parameter estimates 
indicate that CONF1 is most strongly associated with CONF and CONF2 is the least strongly 
associated. The squared multiple correlation (SMC) values for the model indicate the 
reliability of the measures. CONF6 has the highest SMC (0.82) and COMP2 has the lowest 
(0.76). 
The fit statistics of the model are within a desirable range. The normed chi-square is 0.558, 
which is close to the acceptable level of 2. The badness of fit test is not significant with 
p=0.74 greater than 0.05, illustrating a significant model fit. 
7.2.3 Supply Chain Coordination Complexity 
Congeneric measurement model for the supply chain coordination construct (one factor) is 
presented as per below. The proposed model for supply chain coordination consists of four 
factors (COOR1, COOR3, COOR6, and COOR7). The results of the EFA reported previously 
supported this model as it had combined these four factors together as a linear combination 
into one factor (FACTOR 6: Supply Chain Coordination). The proposed model for supply 
chain coordination consisting of the above-mentioned items is presented in Figure 7.3. 
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Figure 7.3: Supply Chain Coordination Complexity Measurement Model 
The standardised factor loadings are presented inside the lines connecting the latent variable 
(COOR) to the four measured items. The squared multiple correlation (SMC) are illustrated 
above the four individual items. 
Table 7.3: Supply Chain Coordination Complexity– Model’s Statistical Results 
The proposed model for supply chain coordination is identified and contains two degrees of 
freedom. The statistics of model fit in Table 7 illustrates an admissible model. The ratio of χ2 
and df is less than 2-3 which is acceptable; an RMR of 0 indicates a perfect fit and the 
smaller the value for RMR the better for a model - in view of this the RMR value of 0.009 for 
this model is acceptable; a CFI value greater than or equal to 0.95 is considered good - in 
view of this the CFI value of 1 for this model is acceptable; RMSEA value should be less 
than 0.06 to 0.08 - in view of this the RMSEA value of 0 for this model is acceptable. The p 
of close fit (pclose) statistic provides a one-sided test of the null hypothesis that the RMSEA 
Model identification      Model Fit Statistics 
observed variables    = 4  χ
2
 = 1.424 CFI = 1 
estimated parameters  = 9  χ
2
 / df = 0.712 
RMSEA = 0 
df   = 2  p = 0.491 
Model is identified    RMR = 0.009 PCLOSE = 0.683 
Item Estimate p SMC Comment 
COOR1 0.78 *** 0.61 Convergent validity holds 
COOR3 0.79 *** 0.63 Convergent validity holds 
COOR6 0.88 *** 0.78 Convergent validity holds 
COOR7 0.80 *** 0.65 Convergent validity holds 
(*** = p <  0.001, ** = p <  0.01, * =  p < 0.05), COOR1 = Supply Chain Coordination Complexity, 
COOR3= Supply Chain Coordination Complexity, COOR6=Supply Chain Coordination Complexity, 
COOR7=Supply Chain Coordination Complexity. 
152 
 
equals .05, what is referred to as a close-fitting model. If the p is greater than .05 (i.e. not 
statistically significant), then it can be concluded that the fit of the model is close. In view of 
this, the pclose value of 0.683 for this model indicates that its fit is close. 
The parameter estimates for COOR1, COOR3, COOR6, and COOR7 are 0.78, 0.79, 0.88 and 
0.80, respectively and these are all statistically significant at 0.001 level. The parameter 
estimates indicate that COOR6 is most strongly associated with COOR while COOR1 is the 
least strongly associated. The squared multiple correlation (SMC) values for the model 
indicate the reliability of the measures. COOR6 has the highest SMC (0.78) and COOR1 has 
the lowest (0.61). 
The fit statistics of the model are within desirable range. The normed chi-square is 1.424, 
which is close to the acceptable level of 2. The badness of fit test is not significant with 
p=0.491greater than 0.05, illustrating a significant model fit. 
7.2.4 Measurement Model for Product Innovativeness 
The congeneric measurement model (one factor) of the product innovativeness construct is 
presented below. The proposed model consists of three factors (INNO1, INNO2, and 
INNO3). The results of the EFA reported previously supported this model because it 
combined these three factors together as a linear combination into one factor (FACTOR 4: 
Product Innovativeness). The proposed model for product innovativeness consisting of the 
above-mentioned three items is presented below (Figure 7.4). 
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Figure 7.4: Product Innovativeness Measurement Model 
The standardised factor loadings of Product Innovativeness construct are presented inside the 
lines connecting the latent variable (INNO) to the three measured items. The squared multiple 
correlations are illustrated above the three individual items. 
Table 7.4: Product Innovativeness – Model’s Statistical Results 
Product innovativeness model is identified. This mode is containing one degree of freedom. 
The statistics of model fit illustrated in Table 7.4 presents an admissible model. The ratio of 
χ2 and df is less than 2-3 which is acceptable; an RMR of 0 indicates a perfect fit and the 
smaller the value for RMR the better for a model - in view of this the RMR value of 0.025 for 
this model is acceptable; a CFI value greater than or equal to 0.95 is considered good - in 
view of this the CFI value of 0.99 for this model is acceptable. The RMSEA value should be 
less than 0.06 to 0.08 - in view of this the RMSEA value of 0.02 for this model is acceptable. 
The p of close fit (pclose) statistic provides a one-sided test of the null hypothesis that the 
RMSEA equals .05, which is referred to as a close-fitting model. If the p is greater than .05 
(i.e. not statistically significant), then it is concluded that the fit of the model is close. With 
this in mind, the pclose value of 0.53 for this model indicates its fit is close. 
INNO
INNO1
INNO2
INNO3
e1
e2
e3
0.87
0.91
0.9
0
0.75
0.85
0.81
Model identification      Model Fit Statistics 
observed variables    = 3   χ
2
 = 2.234  CFI = 0.99 
estimated parameters  = 4   χ
2
 / df = 1.12  
RMSEA = 0.02 
df   = 1   p = 0.33  
Model is identified      RMR = 0.025   PCLOSE = 0.53 
Item Construct Estimate p SMC Comment 
INNO1 Product Innovativeness 0.87 *** 0.75 Convergent validity holds 
INNO2 Product Innovativeness 0.91 *** 0.85 Convergent validity holds 
INNO3 Product Innovativeness 0.90 *** 0.81 Convergent validity holds 
(*** = p< 0.001, ** = p< 0.01, * = p< 0.05)     
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The parameter estimates for INNO1, INNO2, and INNO3 are 0.87, 0.91, and 0.90, 
respectively and these are all statistically significant at 0.001 level. The parameter estimates 
indicate that INNO2 is most strongly associated with INNO and INNO1 is the least strongly 
associated. The squared multiple correlation (SMC) values for the model indicate the 
reliability of the measures. INNO2 has the highest SMC (0.85) and INNO1 has the lowest 
(0.75). The fit statistics of the model are within desirable range. The normed chi-square is 
2.234, which is close to the acceptable level of 2. The badness of fit test is not significant 
with p=0.33 greater than 0.05, illustrating a significant model fit. 
7.2.5 Measurement Model for Product Structure Complexity 
The congeneric measurement model (one factor) for product structure complexity constructs. 
The proposed model for product structure complexity consists of four factors (COMP1, 
COMP2, COMP3, and COMP4). The proposed model for product structure complexity 
consisting of the above-mentioned items is presented below (Figure 7.5). 
 
Figure 7.5: Product Structure Complexity Measurement Model 
The standardised factor loadings of product structure complexity construct are presented 
inside the lines connecting the latent variable (COMP) to the three measured items. The 
squared multiple correlations are illustrated above the three individual items. 
 
Table 7.5: Product Structure Complexity – Model’s Statistical Results 
Model identification      Model Fit Statistics 
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The proposed model for product structure complexity is identified. This model is containing 
one degree of freedom. The fit statistics in Table 7.5 presents an admissible model. The ratio 
of χ2 and df is less than 2-3 which is acceptable; an RMR of 0 indicates a perfect fit and the 
smaller the value for RMR the better for a model. In view of this, the RMR value of 0.004 for 
this model is acceptable; a CFI value greater than or equal to 0.95 is considered good. Thus, 
the CFI value of 1 for this model is acceptable; RMSEA value should be less than 0.06 to 
0.08, and with this in mind the RMSEA value of 0 for this model is acceptable. The p of close 
fit (pclose) statistic provides a one-sided test of the null hypothesis that the RMSEA equals 
.05 and is referred to as a close-fitting model. If the p is greater than .05 (i.e. not statistically 
significant), then it is concluded that the fit of the model is close. In view of this, the pclose 
value of 0.813 for this model indicates that its fit is close. 
The parameter estimates for COMP1, COMP2, COMP3 and COMP4 are 0.87, 0.88, 0.89 and 
0.86, respectively and these are all statistically significant at 0.001 level. The parameter 
estimates indicate that COMP3 is most strongly associated with COMP and COMP4 is the 
least strongly associated. The squared multiple correlation (SMC) values for the model 
indicate the reliability of the measures. COMP3 has the highest SMC (0.89), and COMP4 has 
the lowest (0.73). 
The fit statistics of the model are within desirable range. The normed chi-square is 0.79, 
which is close to the acceptable level of 2. The badness of fit test is not significant with 
p=0.674 greater than 0.05, illustrating a significant model fit. 
observed variables    = 4   χ
2
 = 0.79  CFI = 1 
estimated parameters  = 9   χ
2
 / df = 0.395  
RMSEA = 0 
df   = 1   p = 0.674  
Model is identified      RMR = 0.004   
PCLOS
E = 0.813 
Item Construct Estimate p SMC Comment 
COMP1 Product Structure Complexity 0.87 *** 0.76 Convergent validity holds 
COMP2 Product Structure Complexity 0.88 *** 0.77 Convergent validity holds 
COMP3 Product Structure Complexity 0.89 *** 0.80 Convergent validity holds 
COMP4 Product Structure Complexity 0.86 *** 0.73 Convergent validity holds 
(*** = p< 0.001, ** = p< 0.01, * = p< 0.05)     
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7.2.6 Measurement Model for Product modularity 
The congeneric measurement model (one factor) for the product modularity constructs is 
illustrated below. The model consists of five factors (MODU1, MODU2, MODU3, MODU5, 
and MODU6). The proposed model for product modularity consisting of the above-
mentioned five items is presented in Figure 7.6 below. 
 
 
Figure 7.6: Product Modularity Measurement Model 
The standardised factor loadings are presented inside the lines connecting the latent variable 
(MODU) to the five measured items. The squared multiple correlations are illustrated above 
the five individual items. 
Table 7.6: Product Modularity – Model’s Statistical Results 
Model identification      Model Fit Statistics 
observed variables    = 5   χ
2
 = 5.346  CFI = 0.99 
estimated parameters  = 11   χ
2
/ df = 1.337  
RMSEA = 0.35 
df   = 4   p = 0.254  
Model is identified      RMR = 0.009   PCLOSE = 0.551 
Item Construct Estimate p SMC Comment 
MODU1 Product Modularity 0.92 *** 0.85 Convergent validity holds 
MODU2 Product Modularity 0.91 *** 0.83 Convergent validity holds 
MODU3 Product Modularity 0.90 *** 0.82 Convergent validity holds 
MODU5 Product Modularity 0.88 *** 0.78 Convergent validity holds 
MODU6 Product Modularity 0.91 *** 0.82 Convergent validity holds 
(*** = p< 0.001, ** = p< 0.01, * = p< 0.05)     
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The product modularity model is identified. This model contains four degrees of freedom. 
The statistics of model fit in Table 7.6 present an admissible model. The ratio of χ2 and df is 
less than 2-3 which is acceptable; an RMR of 0 indicates a perfect fit and the smaller the 
value for RMR the better for a model. Consequently, the RMR value of 0.009 for this model 
is acceptable; a CFI value greater than or equal to 0.95 is considered to be good. In view of 
this, the CFI value of 0.99 for this model is acceptable; RMSEA value should be less than 
0.06 to 0.08. Consequently, the RMSEA value of 0.35 for this model is not acceptable. The p 
of close fit (pclose) statistic provides a one-sided test of the null hypothesis that the RMSEA 
equals .05, which is referred to as a close-fitting model. If the p is greater than .05 (i.e. not 
statistically significant), then it is concluded that the fit of the model is close. In view of this, 
the pclose value of 0.551 for this model indicates that the fit of this model is close. 
The parameter estimates for MODU1, MODU2, and MODU6 are 0.92, 0.91, 0.90, 0.88, and 
0.91, respectively and these are all statistically significant at 0.001 level. The parameter 
estimates indicate that MODU1 is most strongly associated with MODU and MODU5 is the 
least strongly associated. The squared multiple correlation (SMC) values for the model 
indicate the reliability of the measures. MODU1 has the highest SMC (0.85) while MODU5 
has the lowest (0.78). 
The fit statistics of the model except RMSEA are within desirable range. The normed chi-
square is 5.346, which is higher than acceptable level of 2. The badness of fit test is not 
significant with p=0.254 greater than 0.05, illustrating a significant model fit. 
7.2.7 Measurement Model for Product demand volatility  
The congeneric measurement (one factor) model of the product demand volatility constructs 
is presented as per below. The proposed model consists of six factors (VOLA1, VOLA2, 
VOLA3, VOLA4, VOLA5 and VOLA6). The results of the EFA reported previously 
supported this model as it had combined these six factors as a linear combination into one 
factor (FACTOR 5: Product Demand Volatility). The proposed model for product volatility 
consisting of the above-mentioned six items is presented below (Figure 7.7). 
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Figure 7.7: Product Demand Volatility Initial Measurement Model 
The standardised factor loadings of product demand volatility construct are presented inside 
the lines connecting the latent variable (VOLA) to the six measured items. The SMC are 
illustrated above the five individual items. Product modularity’s model is identified 
containing 9 degrees of freedom. The fit statistics in Table 7.7 illustrates that the model is not 
a good fit. The ratio of χ2 and df is between 2-3 which is not acceptable; RMSEA value 
should be less than 0.06 to 0.08 - and therefore the RMSEA value of 0.74 for this model is 
not acceptable. The normed chi-square has a value of 22.318, which is much higher than the 
acceptable level of 2. In view of these misfit statistics, the modification indices have been 
looked at.  
Table 7.7: Product Demand Volatility – Initial Model’s Statistical Results 
Model identification      Model Fit Statistics 
observed variables = 6   χ
2
 = 22.318  CFI = 0.98 
estimated parameters = 12   χ
2
 / df = 2.482  
RMSEA = 0.74 
df = 9   p = 0.008  
Model is identified      RMR =  0.017  PCLOSE  = 0.136 
Item Construct Estimate p SMC Comment 
VOLA1 Product Demand Volatility 0.84 *** 0.71  
VOLA2 Product Demand Volatility 0.82 *** 0.68 Convergent validity holds 
VOLA3 Product Demand Volatility 0.83 *** 0.70 Convergent validity holds 
VOLA4 Product Demand Volatility 0.85 *** 0.72 Convergent validity holds 
VOLA5 Product Demand Volatility 0.89 *** 0.79  
VOLA6 Product Demand Volatility 0.90 *** 0.82 Convergent validity holds 
(*** = p< 0.001, ** = p< 0.01, * = p< 0.05)     
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The statistics of the model illustrated in Table 7.7 illustrates an unacceptable fit. To pinpoint 
the causes for these non-fit scenarios, modification indices are calculated. Modification 
indices are summarised in Table 7.8.   
Table 7.8: Modification Indices for Product Demand Volatility 
   M.I. Par Change 
e6 <--> e5 8.373 .034 
e2 <--> e1 4.352 .044 
e3 <--> e2 5.121 .052 
Highly standardised residual covariance between VOLA5 and VOLA6 represents possible 
mis-specification of model. Modification indices statistics (illustrated in table 7.8) specify 
that model will improve by covarying the error items. The MI between the error terms of 
VOLA5 (‘Sales volumes change rarely’) and VOLA6 (‘Range of sales volume variation is 
small’) are correlated more closely to each other than to other items. Theoretical viewpoint 
indicates that items of VOLA5 and VOLA6 both measure the variation in sales. Hence, the 
mis-specified correlation of VOLA5 and VOLA6 is acceptable. Therefore, VOLA5 and 
VOLA6 are covaried in the mode. Final model is illustrated in Figure 7.8. 
 
Figure 7.8: Product Demand Volatility Modified Measurement Model 
Product volatility model is identified by nine degrees of freedom. Fit statistics in Table 7.9 
now illustrates an admissible model. The ratio of χ2 and df is less than 2-3 which is 
acceptable; an RMR of 0 indicates a perfect fit and the smaller the value for RMR the better 
for a model. Consequently, the RMR value of 0.012 for this model is acceptable; a CFI value 
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greater than or equal to 0.95 is considered to be good. The CFI value of 0.99 for this model is 
acceptable; RMSEA value should be less than 0.06 to 0.08 and it is evident that the RMSEA 
value of 0.33 for this model is not acceptable. The p of close fit (pclose) statistic provides a 
one-sided test of the null hypothesis that the RMSEA equals .05, which is referred to as a 
close-fitting model. If the p is greater than .05 (i.e. not statistically significant), then it is 
concluded that the fit of the model is close. In view of this, the pclose value of 0.657 for this 
model indicates that the fit of this model is close. 
The parameter estimates for VOLA1, VOLA2, VOLA3, VOLA4, VOLA5 and VOLA6 are 
0.85, 0.83, 0.84, 0.85. 0.87 and 0.88 respectively and these are all statistically significant at 
0.001 level. The parameter estimates indicate that VOLA6 is most strongly associated with 
VOLA while VOLA2 is the least strongly associated. The squared multiple correlation 
(SMC) values for the model indicate the reliability of the measures. VOLA6 has the highest 
SMC (0.78), and VOLA2 has the lowest (0.69). 
The fit statistics of the model except RMSEA are within desirable range. The normed chi-
square is 10.13, which is higher than acceptable level of 2, but much better than the 
comparable value from the misfit model. The badness of fit test is not significant with p=0.44 
greater than 0.05, illustrating a significant model fit. 
Table 7.9: Product Demand Volatility – Modified Model’s Statistical Results 
7.3 FULL CFA MEASUREMENT MODEL 
In the following section, a full CFA measurement model is developed using constructs that 
were tested and confirmed in the congeneric measurement model.  As shown in Figure 7.9, 
Model identification      Model Fit Statistics 
observed variables = 6   χ
2
 = 10.31  CFI = 0.99 
estimated parameters = 12   χ
2
 / df = 1.289  
RMSEA = 0.033 
df = 9   p = 0.244  
Model is identified      RMR =  0.012  PCLOSE  = 0.657 
Item Construct Estimate p SMC Comment 
VOLA1 Product Demand Volatility 0.85 *** 0.72 Convergent validity holds 
VOLA2 Product Demand Volatility 0.83 *** 0.69 Convergent validity holds 
VOLA3 Product Demand Volatility 0.84 *** 0.71 Convergent validity holds 
VOLA4 Product Demand Volatility 0.85 *** 0.73 Convergent validity holds 
VOLA5 Product Demand Volatility 0.87 *** 0.75 Convergent validity holds 
VOLA6 Product Demand Volatility 0.88 *** 0.78 Convergent validity holds 
(*** =  p <  0.001, ** =  p < 0.01, * =  p <  0.05)    
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the relationships between the observed (i.e. product modularity, product innovativeness, 
product volatility, product structure complexity), and latent (i.e. SC configuration 
complexity, SC coordination complexity, SC collaboration complexity) measures are 
established. As shown in Table 7.10, the CFI has a value of 0.97, which comfortably exceed 
the 0.92 value as the threshold. The RMSEA value is at 0.05 which is below the 0.08 
specified limit. Furthermore the pclose value is above 0.05. Statistics indicate that the model 
is an acceptable fit. 
Table 7.10: 
 
 
 
 
Discriminant validity measures are also computed, and they explain the extent to which latent 
variables differ from each other. Discriminant validity of the constructs is assessed by 
Figure 7.9: Full CFA Measurement Model 
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measuring: (i) correlations between constructs, where values greater than 0.8 or 0.9 point to 
discriminant validity issues; (ii) the average variance (AVE) of constructs, which is supposed 
be more than the correlation’s square amongst the constructs; and (iii) the average variance, 
which should be more than the maximum shared variance (MSV) for all constructs (Holmes-
Smith, 2002). Full measurement model’s discriminant validity test is illustrated in Table 7.11. 
Table 7.11: Full Measurement Model’s Discriminant Validity 
 CR AVE MSV ASV COOR MODU INNO COMP VOLA CONF COLL 
COOR 0.889 0.666 0.585 0.448 0.816 
      
MODU 0.960 0.827 0.823 0.480 0.736 0.909 
     
INNO 0.924 0.802 0.387 0.319 0.622 0.534 0.896 
    
COMP 0.929 0.766 0.823 0.474 0.741 0.907 0.538 0.875 
   
VOLA 0.943 0.735 0.634 0.492 0.765 0.796 0.605 0.796 0.857 
  
CONF 0.925 0.805 0.251 0.151 0.327 0.353 0.501 0.340 0.428 0.897 
 
COLL 0.872 0.630 0.551 0.405 -0.718 -0.688 -0.579 -0.657 -0.742 -0.353 0.794 
The correlation between the product structure complexity and product modularity exceeds the 
acceptable value of 0.85. In addition, the average variance between product structure 
complexity and product modularity constructs is below than the correlation’s square. 
Furthermore, the average variance for product structure complexity is also less than the 
maximum shared variance. Hence, the discriminant validity has failed, meaning that product 
structure complexity and product modularity are highly correlated. Therefore, product 
structure complexity is removed from the measurement model and the model is re-estimated 
(see Figure 7.10). 
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Figure 7.10: Re-estimated full CFA Measurement Model 
Table 7.12 presents the re-estimated full CFA measurement model. The statistics illustrate 
that the model is an acceptable fit. The CFI is 0.975, comfortably higher the 0.92 threshold. 
The RMSEA value is at 0.05 which is lower than the 0.08 limit. The value of pclose is also 
greater than 0.05. Table 7.13 summarises the discriminant validity of the re-estimated full 
measurement model. 
Table 7.12: Re-estimated Full CFA Measurement Model’s Statistics 
The relationships between the constructs are a mix of positive and negative. All the 
relationships are significant at 0.05 level. Supply chain collaboration complexity has negative 
relationships with supply chain coordination complexity, supply chain configuration 
complexity, product demand volatility, product innovativeness and product modularity.  
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Model identification      Model Fit Statistics 
observed variables    = 25   χ
2
 = 419.143  CFI = 0.975 
estimated parameters  = 66   χ
2
 / df = 1.618  
   RMSEA       =    0.048 
df   = 259   p = 0  
Model is identified      RMR =  0.04  PCLOSE  = 0.669 
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Table 7.13: Re-estimated Full Measurement Model’s Discriminant Validity 
 CR AVE MSV ASV COOR MODU INNO VOLA CONF COLL 
COOR 0.889 0.666 0.591 0.428 0.816      
MODU 0.960 0.827 0.640 0.413 0.736 0.910     
INNO 0.924 0.802 0.387 0.328 0.622 0.535 0.896    
VOLA 0.941 0.728 0.640 0.475 0.769 0.800 0.618 0.853   
CONF 0.925 0.804 0.251 0.160 0.327 0.354 0.501 0.440 0.897  
COLL 0.872 0.630 0.569 0.403 -0.718 -0.688 -0.579 -0.754 -0.353 0.794 
The discriminant validity holds for the re-estimated model. None of the correlations between 
the constructs has exceeded the threshold of 0.85. In addition to that, the average variance 
calculated for all the constructs is more than the maximum shared variance in all instances. 
7.4 STRUCTURAL MODEL AND HYPOTHESIS TESTING 
Measurement model is utilised to evaluate the conceptual framework and the relationships 
between the constructs. Theoretical relationships are portrayed using a structured model 
diagram with an array of structural equations (Hair et al., 2010). Diagramming and estimating 
the structural model are done utilising SEM. SEM is an appropriate technique for conducting 
a structural analysis of the relationships between constructs as discussed previously. 
Structural models are assessed within SEM from four perspectives that are as follows: 
1. The observed covariance matrix should be reproduced through the theoretical model. 
This is typically assessed through various fit statistics (Kline, 2011). These fit 
statistics along desirable thresholds are discussed in section 5.8.2 in details. Model fit 
statistics evaluates the level that the structural model replicates the ‘observed 
covariance matrix’ (Byrne, 2010). 
2. To further assess the structural model’s validity, model is set against the CFA model 
(Hair et al., 2006). A comparable match between measurement models’ and structural 
models’ fit statistics illustrates a satisfactory structural model (Hair et al., 2010).  
3. The Squared Multiple Correlation (SMC) measure the variance explained by the 
structural model. SMC explains the variation in the dependent variable (Weston & 
Gore, 2006). 
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4. Significances and the directions of the hypothesised relationships are calculated and 
assessed on the basis of the extent, path and significance of the parameters in 
structural model. The strengths of these relationships are used as an additional gauge 
for the structural model fit. 
Overall, the models with desirable fit and significant relationships in the proposed directions 
and with acceptable percentages of Squared Multiple Correlation are supported. It is 
appropriate to use SEMs where there is a strong theoretical foundation and justification to do 
so. However, a theoretical credibility and a ‘reality check’ on theorised relationships are 
necessary (Hair et al. 2010).  In this study, the hypothesised theoretical relationships 
presented in the structural model are based on systematic literature review as shown in 
previous chapters. Therefore, the theoretical credibility validation has been performed. The 
research instrument has been validated in previous chapters and therefore a valid 
measurement model is developed. The developed measurement model (i.e. full CFA model) 
is the foundation for evaluation of the structural model that has been proposed. Results of the 
full structural model are presented in Figure 7.11. 
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Figure 7.11: Full Structural Equation Model 
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Table 7.14: 
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therefore as long as the structural model includes less relationships with more higher degrees 
of freedom, it is the preferred model. 
Table 7.15: Strengths of the Structural Paths 
Constructs 
Correlation 
Coefficient 
P Significance 
Supply Chain Coordination 
Complexity 
 Product Modularity 0.25 <0.001 *** 
Supply Chain Coordination 
Complexity 
 
Product 
Innovativeness 
0.27 <0.001 *** 
Supply Chain Coordination 
Complexity 
 
Product Demand 
Volatility 
0.23 0.01 * 
Supply Chain Coordination 
Complexity 
 Product Life Cycle -0.27 <0.001 *** 
Supply Chain Coordination 
Complexity 
 Product Variety 0.03 0.53 N.S 
Supply Chain Collaboration 
Complexity 
 
Supply Chain 
Coordination 
Complexity 
-0.20 0.03 * 
Supply Chain Configuration 
Complexity 
 
Product 
Innovativeness 
0.31 <0.001 *** 
Supply Chain Collaboration 
Complexity 
 
Product Demand 
Volatility 
-0.39 <0.001 *** 
Supply Chain Configuration 
Complexity 
 
Product Demand 
Volatility 
0.38 0.00 ** 
Supply Chain Configuration 
Complexity 
 Product Life Cycle 0.26 <0.001 *** 
Supply Chain Collaboration 
Complexity 
 Product Life Cycle 0.19 0.00 ** 
Supply Chain Collaboration 
Complexity 
 
Product 
Innovativeness 
-0.17 0.01 * 
Supply Chain Configuration 
Complexity 
 Product Modularity 0.02 0.87 N.S 
(*** = p< 0.001, ** = p< 0.01, * = p< 0.05) 
 
Table 7.16: Table of Hypotheses 
HYPOTHESES Outcome 
H1: Product demand volatility positively impacts on supply chain coordination complexity. Supported 
H2: Product demand volatility negatively impacts on supply chain collaboration complexity. Supported 
H3: Product demand volatility positively impacts on supply chain configuration complexity. Supported 
H4: Product variety positively impacts on supply chain coordination complexity. Not Supported 
H5: Product life cycle negatively impacts on supply chain coordination complexity. Supported 
H6: Product life cycle positively impacts on supply chain collaboration complexity. Supported 
H7: Product life cycle positively impacts on supply chain configuration complexity. Supported 
H8: Product innovativeness positively impacts on supply chain coordination complexity. Supported 
H9: Product innovativeness negatively impacts on supply chain collaboration complexity. Supported 
H10: Product innovativeness positively impacts on supply chain configuration complexity. Supported 
H11: Product structure complexity positively impacts on supply chain coordination complexity. - 
H12: Product modularity positively impacts on supply chain coordination complexity. Supported 
H13: Product modularity positively impacts on supply chain configuration complexity. Not Supported 
H14: Supply chain coordination negatively impacts on supply chain collaboration complexity. Supported 
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Table 7.15 summarises the strength of relationships. Of the fourteen theorised structural paths 
(see Table 7.16 above), eleven are significant with a confidence interval of 95%. These 
results indicated that the structural model is a satisfactory illustration of the collected data. 
Each hypothesis is addressed in the following chapter. 
7.5 SUMMARY 
In this chapter initially structural equation modeling (SEM) is employed to evaluate and 
optimize the measurement’s model factorial validity. Discriminant and convergent validity of 
the entire measurement model and the constructs is further tested through SEM. The full 
optimised measurement model served to form the final structural model. Structured equation 
modeling technique is then used to evaluate the structural model fit and assess the research 
hypothesises of the thesis. 
The key findings of this chapter are as summarized in four items below.  
 Firstly, full measurement model maintains both acceptable convergent and 
discriminant validity along with satisfactory model fit statistics. 
 Secondly, the measurement model does not indicate a substantial progress comparing 
to the structural model, therefore, the structural model is preferred.   
 Thirdly, the structured model explains 71% of variance for supply chain coordination 
complexity, around 65% of variance for supply chain collaboration complexity and 
33% of variance for supply chain configuration complexity in a satisfactory level. 
 Fourthly, in the majority of cases the significance and directions of the theorised 
relationships are matching with the theorised model. Results indicate that eleven of 
the fourteen hypotheses are statistically significant. 
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CHAPTER 8: DISCUSSION 
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8.1 INTRODUCTION 
Key objective of the chapter eight is to discuss and expand on the main findings of the thesis. 
It aims to address the research objectives by discussing and exploring findings of data 
analysis form both analytical and descriptive perspectives. Key objectives of this chapters 
and the research in total are therefore: 
i. How do product demand and design characteristics impact on the supply chain 
complexity? 
ii. What is the extent of alignment of supply chain with product characteristics 
considering the simultaneous impact of product demand and design? 
Firstly, the structural relationships concerning the impact of product demand and product 
design characteristics on supply chain coordination, collaboration and configuration 
complexity within the developed framework and hypotheses, are discussed. Secondly a 
supply chain alignment framework is developed to schematically representing the 
relationships between supply chain complexity constructs and product demand and product 
design characteristics. Finally, a summary of the main issues covered is provided. 
8.2 IMPACT OF PRODUCT DEMAND AND PRODUCT DESIGN 
ON SUPPLY CHAIN COORDINATION COMPLEXITY  
Product demand volatility, product life cycle, product innovativeness and product modularity 
explain 72% of variance in supply chain coordination complexity. Supply chain coordination 
was captured through the level of information sharing, independence on logistics decisions, 
degree of communication and extent of information technology usage. Table 8.1 below 
summarises the impacts of product demand and design characteristics on supply chain 
coordination complexity.  
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Table 8.1: Standardised Effects of Impacts on Supply Chain Coordination Complexity 
Supply Chain 
Coordination 
Complexity 
Direct 
S.E. p value 
Product Demand 
Volatility 
0.235 0.030 
Product Life Cycle -0.267 0.005 
Product Variety 0.029 0.546 
Product Innovativeness 0.268 0.001 
Product Modularity 0.254 0.006 
Product demand volatility has a significant effect on supply chain coordination complexity. 
The results show that product demand volatility is one of the key drivers of supply chain 
coordination complexity. Standardised effect of product demand volatility on supply chain 
coordination complexity is 0.235. Hypothesis tested in the SEM - H1: Product demand 
volatility positively impacts on supply chain coordination complexity – is, therefore, 
supported. This finding implies that companies, which are manufacturing products with 
highly volatile demand, must coordinate better with their suppliers. Companies with products 
having more volatile demand share very high levels of information with their suppliers and 
have a high degree of communication between multiple tiers and channels. These companies 
often prove to be very reliant on their key suppliers in making logistics decisions. Thus, 
higher demand volatility leads to higher coordination complexity. Previous studies, such as 
Lee (2002) and Xiao and Qi (2008) concur with this finding and emphasise on the necessity 
for aligning supply chain with demand volatility. Information sharing and good 
communication between multiple tiers and channels constitute a key strategy for avoiding 
disruption in supply chains due to demand volatility. Lee (2002) emphasises supply chain 
coordination alignment through information sharing and aligned incentives. Xiao and Qi 
(2008) also maintain that supply chain coordination is disturbed by demand disruptions. 
Hence, demand signals via better information flow and improved demand forecasts can 
improve supply chain coordination.  
Product life cycle has a significant negative impact on supply chain coordination complexity. 
In other words, products with a shorter life cycle require a higher supply chain coordination 
complexity. The standardised effect of product life cycle on supply chain coordination 
complexity is -0.267. This hypothesis––H5: Product life cycle negatively impacts on supply 
chain coordination complexity––is, therefore, supported. This finding confirms the result of a 
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study by Wang et al. (2004), which reports that supply chain decisions are often driven by 
product life cycle. Liu et al. (2006) accord with this finding and state that shorter product life 
cycle can increase the supply chain coordination complexity. Short product life cycles require 
more efficient coordination across the supply chain to reduce risks and uncertainty. Olhager 
(2010) also highlighted the critical role of product life cycle in supply chain management 
decisions, which is further supported in this research. Jüttner et al. (2007) argue that the 
product life cycle is not merely a market orientation classification of products.  It is also a 
critical factor helping to align and link the supply chain with customer demand (Jüttner et al., 
2007). Hence, the supply chains of products with a shorter life cycle tend to require higher 
levels of information sharing that in turn create higher coordination complexity.  
Product variety has an insignificant relationship with supply chain coordination complexity. 
It is anticipated that higher product variety requires higher information sharing across the 
supply chain and further increases the interdependence between supply chain partners. High 
variety of product also requires a more efficient inventory management system requiring the 
use of more advanced information technology. This leads to the fourth hypothesis - H4: 
Product variety positively impacts on supply chain coordination complexity, but it is not 
supported. This undermines the argument that there is a greater need for supply chain 
coordination when demand for product variety is high. This finding contradicts the argument 
presented by Arshinder et al. (2008), who suggest the necessity for higher supply chain 
coordination when there is high product variety. However, this finding sits comfortably with 
the results of Pero et al. (2010), who reported an insignificant relationship between product 
variety and supply chain coordination complexity. Also having only two questionnaire items 
to measure product variety could have been not adequate enough to fully capture this 
construct and has led to the above non-supporting result. 
Product innovativeness has a significant impact on supply chain coordination complexity, 
which confirms hypothesis 7 - H7: Product innovativeness positively impacts on supply chain 
coordination complexity. The standardised effect of product innovativeness on supply chain 
coordination is 0.268. This indicates that companies manufacturing innovative products often 
require higher information sharing, greater inter-firm dependence and closer contact with 
multiple tiers and channels. This result confirms the finding of Pero et al. (2010), suggesting 
that supply chains of innovative products require greater coordination between suppliers that 
in turn creates higher coordination complexity. This is also evidenced in the work of Caridi et 
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al. (2010) who argue that more innovative products impact on supply chain structure, causing 
constant supply chain re-engineering and resulting in more supply chain complexly. This 
finding suggests that supply chain coordination complexity should be adjusted according to 
the level of product innovation.  
Product modularity is another aspect of product design having a significant impact on supply 
chain coordination complexity. Findings indicate that higher product modularity is the source 
of higher supply chain coordination complexity. The standardised effect of product 
modularity on supply chain coordination is 0.254. This further supports previous studies 
highlighting the role of product modularity on supply chain coordination. Therefore, 
hypothesis - H11: Product modularity positively impacts on supply chain coordination 
complexity - is supported. This reiterates that highly modular products require a greater 
coordination complexity and therefore require more information sharing and a higher level of 
communication with key suppliers. Chiu and Okudan (2014) also considered modularisation 
as a critical factor for product design and supply chain decisions due to its effect on assembly 
sequence and thus selection of components and suppliers. Product modularity as a direct 
consequence of outsourcing can cause lack of direct control and increase interdependence, 
thus creating risk and uncertainty in supply chains. A greater level of coordination is 
required. 
Product structure complexity is the third product design characteristic, which was initially 
hypothesised to be a potential factor impacting on the supply chain coordination complexity. 
This resulted in hypothesis 10 - H10: Product structure complexity positively impacts on 
supply chain coordination complexity. As the product structure becomes more complex, it 
increases the number of suppliers and is consequently a source of higher level of coordination 
complexity (Cooper, Lamber, & Pagh, 1997). Helo and Szekely (2005) note that complex 
product structures contain more components, which means that greater coordination in the 
supply chain is needed. According to Hobday (1998), design characteristics of complex 
products and systems determine the types of organisational structure and supply chain 
coordination. A higher degree of product complexity increases information uncertainty. 
However, the discriminant validity test indicated high correlation between product 
modularity and structure complexity. In order to maintain discriminant validity, the product 
structure complexity construct was removed from the analysis.  
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To conclude, product demand volatility, product life cycle, product modularity and product 
innovativeness are identified as key drivers of supply chain coordination complexity with 
product innovativeness having the highest positive direct effect on supply chain coordination 
complexity. 
8.3 IMPACT OF PRODUCT DEMAND AND PRODUCT DESIGN 
ON SUPPLY CHAIN CONFIGURATION COMPLEXITY  
This study explained 33% variance in supply chain configuration complexity through product 
demand volatility, product life cycle and product innovativeness. Supply chain configuration 
was conceptualised through a number of value adding tiers, number of logistics channels in 
supply chain and partnerships. Table 8.2 below summarises the influences of product demand 
and design characteristics on supply chain configuration complexity. 
 
Table 8.2: Standardised Effects of Impacts on Supply Chain Configuration Complexity 
Supply Chain Configuration Complexity 
Direct 
S.E. p value 
Product Demand Volatility 0.375 0.005 
Product Life Cycle 0.259 0.004 
Product Innovativeness 0.313 0.004 
Product Modularity 0.016 0.886 
Product demand volatility has a significant impact on supply chain configuration complexity 
with a standardised effect of 0.375. Hence, hypothesis 3 – H3: Product demand volatility 
positively impacts on supply chain configuration complexity – is supported. Thus, under high 
demand volatility conditions, supply chain configuration is deemed to be more complex. A 
closed loop supply chain configuration proposed by Amin and Zhang (2013) considered 
demand uncertainty as the main factor in supply chain design. El Maraghy and Mahmoudi 
(2009) also claim that supply chain configuration in certain geographical locations should 
match demand requirements. The volatility of demand can further impact on the supply chain 
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strategies, in terms of responding to this demand through strategic location or number of 
facilities, i.e. production plants, distribution centres and warehouses. Results strongly support 
Amin and Zhang (2013) and El Maraghy and Mahmoudi (2009) in that they confirm the 
impact of product demand on supply chain configuration and design. This relationship 
emphasises the necessity to align supply chain configuration with product demand volatility. 
Product life cycle has a significant relationship with supply chain configuration complexity.  
The standardised effect of product life cycle on supply chain configuration is 0.259. 
Therefore, hypothesis 7 – H7: Product life cycle positively impacts on supply chain 
configuration complexity – is supported. Supply chains of products with longer life cycles are 
more complex while products with shorter life cycles have less complex supply chain 
configuration to respond to tense lead times. Short product life cycles impose time pressures 
on firms and new product development operations. The product design, procurement, 
production, distribution and delivery operations have to be executed in a more agile and time 
efficient way. Shorter product life cycles require faster production and delivery lead time 
(Olhager, 2010), enabling manufacturing plants to be closer to their final consumers. As new 
products are being introduced to global distribution networks with increasing frequency, plus 
the added complication of withdrawing obsolete products at the end of their now very short 
life cycles, the frequency of new product development will increase. This outcome will in 
turn create greater supply chain complexity (Fisher, 1997). Findings of this research support 
the arguments made by others (i.e. Mason Jones et al., 2000a; Fisher, 1997; Olhager, 2010) 
and suggest product life cycle is one of the main determinants of supply chain configuration 
complexity. 
Product innovativeness’s impact on supply chain configuration complexity is significant with 
a standardised effect of 0.31. Based on this finding, hypothesis 10 – H10: Product 
innovativeness positively impacts on supply chain configuration complexity – is supported. 
Therefore higher product innovativeness is a source of higher supply chain configuration 
complexity. Increasing product innovativeness will increase the number of new product 
development projects, which will consequently increase the supply chain complexity. This 
product innovativeness requires supply chains to be more global and fragmented in multiple 
locations so that new innovative technologies can be harnessed. Innovativeness with respect 
to different degrees of mass customisation necessitates different approaches to supply chain 
configuration, primarily depending on variations in customer specifications (Salvador et al., 
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2014). Pero et al. (2010) also suggest that highly innovative products call for deep changes in 
product architectures so that various suppliers can be engaged. Furthermore, case studies by 
Caridi et al. (2009) also indicated that more innovation in NPD projects results in higher 
supply chain configuration complexity. Results of this study support previous research and 
reiterate the importance of aligning supply chain configuration with product innovativeness. 
Product modularity has no significant relationship with supply chain configuration 
complexity. Therefore, hypothesis 13 - H13: Product modularity positively impacts on supply 
chain configuration complexity, is not supported. This is in contrast with previous research. 
Product modularity is a key enabler of outsourcing, co-development and therefore 
competitive advantage (Howard & Squire, 2007; Jacobs et al., 2007; Swink et al., 2007; Lau 
et al., 2010b). Furthermore, product modularity can increase outsourcing and offshore 
manufacturing. It wields an important influence on integration strategies. Build-to-order 
strategies enabled by product modularity will complement such outsourcing decisions.  Chiu 
and Okudan (2014) observed that increased modularity is critical for design and integration 
of supply chain and therefore the configuration. According to Kumar and Chatterjee (2013) 
modularity at different levels to satisfy customer needs in different markets increases supply 
chain configuration complexity. Product modularity combined with the relocation of value 
adding activities and a reduced supplier base will decrease the level of vertical integration 
(Pero et al., 2010). It will also increase the number of supply chain partners and therefore 
increase the supply chain configuration complexity. However, the findings of this thesis do 
not support previous research and their propositions. One explanation for these contradictory 
results is the methodological differences or the sample characteristics. Previous studies in the 
majority of cases chose a case study approach while this study is performed across several 
manufacturing industries. Nevertheless this outcome suggests further investigation is needed 
to assess the impact of product modularity on supply chain configuration. 
 
8.4 IMPACT OF PRODUCT DEMAND AND PRODUCT DESIGN 
ON SUPPLY CHAIN COLLABORATION COMPLEXITY  
Results of this study indicate that the alignment framework explains 65% variance of supply 
chain collaboration complexity through product demand volatility, product life cycle, product 
innovativeness, product modularity and supply chain coordination complexity. Interestingly, 
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product design characteristics do not seem to have a direct impact on supply chain 
collaboration complexity. Supply chain collaboration is conceptualised through alignment of 
strategy and interest, orientation of business cultures (from highly competitive to highly 
collaborative), substitutability of suppliers and level of trust and openness between supply 
chain partners. Table 8.3 below summarises the impacts of product demand and design 
characteristics on supply chain collaboration complexity.  
 
Table 8.3: Standardised Effects of Impacts on Supply Chain Collaboration Complexity 
  
Direct Indirect Total 
S.E. p value S.E. p value S.E 
p 
value 
Product Demand Volatility -0.392 0.008 -0.046 0.017 -0.438 0.002 
Product Life Cycle 0.192 0.110 0.053 0.007  0.246 0.015 
Product Innovativeness -0.172 0.050 -0.053 0.007 -0.225 0.007 
Product Modularity - -  -0.080 0.007 -0.080 0.007 
Supply Chain Coordination 
Complexity 
-0.198 0.009 
- -  
-0.198 0.009 
Product demand volatility with a standardised total effect -0.44, has a significant impact on 
supply chain collaboration complexity. This strongly supports the second hypothesis - H2: 
Product demand volatility negatively impacts on supply chain collaboration complexity. Most 
of this impact is explained through a direct relationship (standardised effect -0.39) between 
product demand and supply chain collaboration. Furthermore, the results indicated that apart 
from this direct effect, product demand has a -0.05 standardised indirect effect on supply 
chain collaboration. Collaboration through an effective extended supply chain from point of 
sale backwards can greatly assist in managing high levels of product demand volatility. 
Ramanathan (2013) suggested that multi-dimensional collaborations with high product 
modularity enhances value and creates new values. Ramanathan (2013) further contended 
that such collaborations are critical to improving the accuracy of demand forecasts. Results of 
this study support previous ones in this regard. This relationship indicates that companies that 
have a higher volatility in their demand experience a highly aligned interest and strategy with 
their key suppliers, and they enjoy good cooperation with those businesses. This scenario 
allows them to overcome issues that could arise due to demand volatility. 
Product life cycle, as one of the main drivers of supply chain decision-making components, 
has a standardised direct effect of 0.19 on supply chain collaboration. However, this direct 
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impact is not significant (p value= 0.201). At the same time, results showed product life cycle 
has an indirect standardised effect of 0.05 on supply chain collaboration. This relationship 
was found to be significant. Therefore, hypothesis 6 - H6: Product life cycle positively 
impacts on supply chain collaboration complexity - is supported. This indirect relationship 
between product life cycle and supply chain collaboration via supply chain coordination 
highlights that information sharing and coordination aspects play a more significant role in 
supply chain alignment with product characteristics and can facilitate or improve 
collaboration and reduce complexity in the supply chain. Thus, supply chains of firms 
producing products with shorter life cycles require a more aligned strategy across the supply 
chain. Due to time compressions for production and distribution of these products in the 
market, supply chain partners require to have a high level of trust and openness in their 
operations while in products with longer life cycles such a relationship is not as vital. 
Product innovativeness has a direct significant impact on supply chain collaboration. This is 
in line with the direct relationship between product innovativeness and supply chain 
collaboration been suggested in the literature (e.g. Soosay et al., 2008). Results also indicated 
a significant indirect negative relationship (with a standardised effect of -0.17) between 
product innovativeness and supply chain collaboration through supply chain coordination. 
This highlights that supply chain coordination when aligned with level of product 
innovativeness could assist in supply chain collaboration. Therefore, hypothesis 9 - H9: 
Product innovativeness negatively impacts on supply chain collaboration complexity – is 
supported. Product innovations as a competitive advantage for firms require a higher 
collaboration across the extended enterprise. Thus, higher product innovativeness is a 
potential source of lower supply chain collaboration complexity. Findings of this research 
support most previous research. Product innovativeness - if it is to lead to competitive 
advantage for firms - requires higher levels of inter-firm collaborations across the extended 
enterprise. Thus, higher product innovativeness requires the supply chain collaboration to 
become less complex.  
Product modularity has a negative indirect impact on supply chain collaboration complexity 
through supply chain coordination complexity. The standardised indirect effect of product 
modularity on supply chain collaboration complexity is -0.08. Product modularity reduces the 
supply chain collaboration complexity by enabling many firms producing the modules to 
collaborate better and in a more aligned environment. This outcome indicates that supply 
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chain coordination is the facilitator of this collaboration. This relationship was not initially 
hypothesised, however, results confirm Pero et al.’s (2010) proposition that product 
modularity reduces the supply chain collaboration complexity. This also suggests that supply 
chain collaboration should be aligned with level of modularity. 
Supply chain coordination complexity has a significant negative relationship with supply 
chain collaboration complexity. The impact of supply chain coordination on supply chain 
collaboration is strongly evident by the standardised effect of - 0.2. Therefore, hypothesis 
thirteen - H13: Supply chain coordination complexity negatively impacts on supply chain 
collaboration complexity - is supported. It is evident that higher levels of supply chain 
coordination further decrease the supply chain collaboration complexity levels. This is in line 
with Singh and Benyoucef’s (2013) contention that less coordination complexity in the 
supply chain results in a lower level of collaboration and more collaboration complexity. This 
outcome suggests that a higher level of information sharing and integration in the supply 
chain can lead to higher cooperation in the supply chain. It confirms the significant role of 
supply chain coordination in enhancing collaboration across the supply chain.  
8.5 DEVELOPMENT OF A FRAMEWORK FOR ALIGNMENT OF 
SUPPLY CHAIN WITH PRODUCT CHARACTERISTICS 
The structured equation modeling hypothesis testing results elaborated in Chapter 7 revealed 
that both product demand and design characteristics have a significant impact on firms’ 
supply chain coordination complexity. Previous research has also emphasised that supply 
chain alignment with product characteristics will result in better supply chain continuity and 
resilience (e.g. Boone et al., 2013). In this section, a framework for alignment of supply chain 
with product demand and product design is developed. The framework is based the 
simultaneous impact of product demand and design characteristics on supply chain 
complexity. 
8.5.1 Supply Chain Alignment Framework 
Figure 8.1 illustrates the impact of product demand and product design complexity on supply 
chain coordination and collaboration complexity using a two-dimensional representation of 
supply chain coordination alignment. The x-axis represents the complexity of product 
demand, which is captured through demand volatility and product life cycle ranging from low 
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to high. Higher product demand volatility and shorter life cycle indicates a higher demand 
complexity and vice versa. The y-axis, on the other hand, shows the complexity of product 
design. Product innovativeness and product modularity are used to represent product design 
complexity. Higher product innovativeness and higher product modularity indicates a higher 
level of design complexity. Supply chain coordination is conceptualised through level of 
information sharing, independence of logistics decisions, degree of communication and 
extent of information technology usage. Supply chain collaboration is conceptualised through 
alignment of network strategy and interest, orientation of business relationships, mutual need 
in the network and mutual trust and openness. The diagram can be devised using four 
quadrants.  
 
Figure 8.1: Supply Chain Coordination Alignment Framework 
Quadrant 1 shows low coordination complexity due to lower levels of product demand and 
product design complexity. This indicates that in case of products with lower demand and 
design complexity, the intensity of information sharing can be limited to the needs of 
satisfying orders. In these scenarios, independent, autonomous decisions within individual 
firms are preferred, and contacts can be limited to individual transactions. For example, 
supply chain of a simple product such as aluminium can have low demand and design 
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complexity requiring a low level of complex coordination and IT. These are sufficient for 
supporting the internal business processes, and there is no need for complex SCM software 
for planning and executions. In such scenarios, a high level of collaboration complexity can 
exist. Therefore, supply chain network strategy and interest of partners can differ. In these 
scenarios, due to stable demand and low level of integration supply chain partners can have a 
competition oriented relationship. In most cases, there is a low mutual need in the network 
and suppliers are highly substitutable. There is no immediate need for a high level of trust 
and openness in these relationships.  
Quadrant 2 shows medium coordination and collaboration complexity through high product 
demand complexity and low product design complexity. In such scenarios, due to the 
complexity of demand, sharing information such as forecasting, and even inventory levels 
should be adopted. Supply chain planning also need to follow central coordination guidelines 
rather autonomous decisions. Also, due to demand variability a more structured degree of 
communication with regular meetings should be in place. As a result of using a structured 
approach in coordination, a medium collaboration can be adopted. A common network 
interest is required to overcome demand volatility issues, and an opportunistic relationship 
with a multiple sourcing strategy is recommended. 
Quadrant 3 also shows medium supply chain coordination and collaboration complexity due 
to the lower level of product demand complexity and high levels of product design 
complexity. This scenario is for products that are highly modular and innovative but they 
have a stable demand with a reasonably long life cycle. In such cases, an average level of 
information sharing such as order tracking and tracing can be adopted. A more advanced use 
of information technology to support the supply chain network coordination mechanisms 
such as EDI is suitable. Information technology can lead to a more aligned network stage, 
and average levels of trust should be in place. 
Quadrant 4 represents high coordination and low collaboration complexity due to high levels 
of product demand and product design complexity. The implication is that for firms making 
products with higher demand and design complexity such as high end electronic products, 
they are required to share very high levels of information with their suppliers and there 
should be a high degree of communication between multiple tiers and channels. This intensity 
of information sharing and degree of communication can serve as the main strategies to 
minimise any disruption in supply chains occurring due to demand complexities. Businesses 
183 
 
with products having a more volatile demand and sorter life cycle require greater 
coordination with suppliers to reduce the risk and uncertainty, which in turn increase the 
complexity. Leading the supply chain through a central strategic decision-making centre in 
the case of product with high demand complexity is the likely strategy that will satisfy 
customer demand with the lowest cost implications. This will also assist in the ‘Total Cost of 
Ownership’ approach and eliminate the bullwhip effects.  
A highly common network strategy and interest with high levels of trust should be in place. A 
high level of collaboration across the supply chain is another critical component. In the 
majority of these cases, there is a high mutual need in the network. Supply chains for 
products with a more complex demand and design require greater collaboration and highly 
aligned strategy across the supply chain. Collaborative supply chain relationships aimed at 
dealing with demand and design uncertainties need to use improved information systems for 
efficient response to market changes. Thus under high demand complexity conditions, special 
efforts are required to ensure a high level of supply chain collaboration. Integrated planning 
of demand, design and supply chain to achieve an efficient alignment is one of the main 
supply chain strategies in an increasingly globalised world.  
Figure 8.1 illustrates the results of this research in the form of an alignment framework that 
combines the product demand and product design characteristics. These can predict the 
required coordination and collaboration complexity. This framework suggests that supply 
chain coordination and collaboration complexity should be adjusted according to the level of 
product demand and product design complexity. This approach will potentially lead to an 
optimal level of complexity, reduced costs and more successful product developments. 
8.6 SUMMARY  
This chapter discussed the research findings. Results revealed that product design 
(Innovativeness and Modularity) and its antecedent factors significantly impact on supply 
chain complexity. Product demand characteristics (volatility and life cycle) also had a 
significant influence on supply chain complexity. These findings further confirm the 
theoretical research model and extend prior theory on alignment of supply chain with product 
characteristics. In addition, the body of knowledge on the relationship between product 
design and supply chain was enhanced by revealing that product design characteristics do not 
have a significant direct impact on supply chain collaboration complexity. Instead, they 
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reveal their influence on supply chain collaboration of firms indirectly through the mediating 
role of information technology and information sharing (coordination complexity).  
Furthermore, the existing literature on product demand volatility and life cycle and their 
influence on supply chain complexity were extended. Product variety’s impact on supply 
chain complexity was questioned, and the reasons for the lack of this relationship were 
discussed. In summary, this research extends the body of knowledge by integrating numerous 
parallel frameworks developed in other studies on relationships between supply chain and 
product characteristics. Moreover, using a structured equation modeling (SEM) method 
enables the analysis to overcome certain limitations in previous studies’ research 
methodologies. This study further extends the concept of supply chain alignment by adding 
product design to the considered factors. 
The next chapter reviews and conclude the main findings of this research, summarises the 
contributions of the results from both theoretical and managerial perspectives and finally 
discuss the limitations of this study, and suggests further research avenues. 
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CHAPTER 9: SUMMARY AND CONCLUSION 
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9.1 INTRODUCTION 
This chapter concludes by firstly summarising the key findings of the research in section 9.2. 
Then in section 9.3 it discusses how this PhD thesis has addressed the key research objectives 
and answered the research questions discussed in various chapters. Section 9.4 outlines the 
contributions of this research to both theory and practice. Section 9.5 outlines the key 
limitations of this study, and in section 9.6 key areas for future research are suggested. To 
conclude, section 9.7 completes this research study with the final remarks. 
9.2 KEY RESEARCH FINDINGS 
In this section, the key research findings associated with supply chain complexity and its 
relationship with product demand and product design are succinctly summarised. In 
particular, the results of the SEM are reported, which provide the empirical basis for 
conducting further discussion to suggest potential theoretical and practical implications. 
These findings are described as followings: 
9.2.1 Findings related to firms’ supply chain complexity 
 Supply chains of Australian manufacturing firms are moderately complex in terms of 
their coordination, collaboration and configuration. 
 The supply networks of Australian manufacturing firms are largely global. Most 
organisations intend to establish a long-term collaborative relationship with their 
suppliers with a major focus on sole sourcing strategy. 
 There is a high level of inter-firm dependence on supply chain decisions, meaning that 
a high degree of supply chain coordination in terms of information sharing and 
communication is required. However, the integration of logistics processes between 
their company and the key suppliers is rather low. 
 Supply chain coordination complexity has a significant negative impact on supply 
chain collaboration complexity. This suggests that higher complexity of supply chain 
coordination decrease the supply chain collaboration complexity. 
9.2.2 Findings related to product demand and supply chain complexity 
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 Australian firms are offering lesser product variety. However, the demand of products 
in terms of sales predictability and stability is highly volatile. Most products 
manufactured by Australian firms have longer life cycles.  
 Product demand volatility and product life cycle significantly impact on supply chain 
coordination complexity. Higher (positive impact) product volatility and shorter 
(negative impact) product life cycles require higher levels of information sharing that 
in turn create higher coordination complexity. Surprisingly product variety has no 
significant impact on supply chain coordination.  
 Both product demand volatility and life cycle have a significant impact on supply 
chain configuration complexity. This relationship confirms the necessity for the 
alignment of supply chain configuration with product demand characteristics. 
 Product demand volatility has a negatively impact on supply chain collaboration 
complexity while product life cycle positively impact on supply chain collaboration 
complexity. This relationship indicates that companies that are facing with high 
volatility and products with shorter life cycle require a highly aligned interest and 
strategy with their key suppliers and should adopt a highly collaborative approach 
with their suppliers.  
 Product demand volatility has the highest effect on supply chain collaboration and the 
lowest effect on supply chain coordination. Australian firms manufacturing the 
products with high demand volatility are required to collaborate with a multiple tier of 
suppliers whilst at the same time maintaining the coordination of supply chains. 
Product life cycle has the lowest effect on supply chain collaboration, meaning that 
shorter product life cyle necessitates greater amount of collaborative efforts than 
longer product life cyle, which is deemed more stable and established. 
 
9.2.3 Findings related to product design and SCC 
 Australian firms exhibit a high level of familiarity with technology and engineering 
and design of products. This indicates the low level of innovativeness in the 
Australian manufacturing environment. Most products are designed to enable the 
swapping of components and have interchangeable features and options, indicating a 
high level of product modularity.   
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 Both product innovativeness and product modularity wield a significant influence on 
supply chain coordination complexity. This will continue as long as the supply chain 
of innovative products requires better alignment among suppliers and results in higher 
coordination complexity. 
 Product innovativeness has a significant impact on supply chain configuration, while 
product modularity makes no real difference to the configuration aspects of supply 
chain. This contradicts the findings from previous studies (e.g. Kumar and Chatterjee 
2013), which argue that more modular products create complex supply chain 
configuration. 
 Higher product innovativeness and product modularity require higher levels of inter-
firm collaboration across the extended enterprise. Thus, higher product innovativeness 
demands that the supply chain collaboration become less complex. 
 Product innovativeness has the highest standardised effect on supply chain 
coordination complexity. This suggests that in comparison to product demand 
characteristics, product design characteristics have a more significant direct influence 
on supply chain coordination complexity. 
 
 
9.3 RESEARCH OBJECTIVES REVIEW 
A growing number of researchers are exploring the alignment of supply chain with product 
characteristics as a management framework to implement supply chain strategies to optimise 
supply chain complexities. While some convincing analyses have linked the product demand 
and product design to supply chain complexity, no study has empirically investigated these 
relationships simultaneously. 
In Chapters 2 and 3, drawing from the main research problem linked to supply chain 
complexity, a research gap was identified, which led to setting out two key research 
objectives. First to identify the key characteristics of product demand and product design 
impacting on the supply chain complexity; and the second to examine the extent of alignment 
of supply chain with product characteristics considering the simultaneous impact of product 
demand and design. 
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The first objective was archived by carrying out a comprehensive literature on supply chain 
complexity and alignment of product demand and product design with supply chain. This has 
enabled the identification of the main product demand and design characteristics impacting 
on the supply chain complexity. Product demand volatility, product life cycle and product 
variety were identified as the main product demand characteristics affecting the supply chain 
complexity. Product innovativeness, product modularity and products’ structure complexity 
emerged as the main product design characteristics impacting on the supply chain 
complexity. On this basis, a conceptual model was developed in Chapter 4. A set of 
hypotheses was established within the broader conceptual framework linking the direct 
effects of product demand and design on supply chain complexity as reflected in 
coordination, collaboration and configuration. 
Measurement items were adapted and developed in Chapter 5. More specifically in order to 
understand and measure the product demand characteristics, survey instruments that measure 
product demand volatility, product life cycle and product variety were identified, and items 
that measure product innovativeness, product modularity and product structure complexity 
were also identified. The developed measures for supply chain complexity are built on the 
multi-theoretical approach of Hieber (2002) to complexity in terms of coordination, 
collaboration and configuration.  These measurement items were pre-tested and refined by a 
group of professional and academic professionals and through a pilot test study.  
Main data collection was conducted across Australian manufacturing firms, leading to 273 
complete responses. Normality, multicollinearity, reliability of instrument and data were 
ascertained in Chapter 6. By utilising a structured equation modeling (SEM) approach in 
Chapter 7, the measurement model’s factorial validity was calculated and improved. The 
discriminant and convergent validity of the entire measurement model and the individual 
constructs was tested and confirmed. Based on the data analysis in Chapter 7, 10 hypotheses 
of the 14 hypotheses proposed were supported at a 95% confidence level. This level supports 
the significant impact of product demand and design on supply chain complexity. 
The second objective was addressed by building a structured equation model which enabled 
the relationships between supply chain complexity and product demand and product design 
characteristics to be established. The extent of alignment of supply chain with product 
characteristics – taking into account the simultaneous impact of product demand and design - 
were examined and discussed. According to the results, the contention that product demand 
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and design characteristics should be the main factors to consider in supply chain alignment 
framework has been supported. Finally, a supply chain alignment framework is formulated to 
illustrate the relationships between various dimensions of supply chain complexity and 
product characteristics.  
This research has therefore addressed the two key research objectives which were set out to 
explore and establish relationships between product demand and product design 
characteristics on supply chain complexity. Based on these findings, all the objectives of this 
research have been achieved. 
9.4 CONTRIBUTIONS OF THIS STUDY 
This thesis contributes to the supply chain management and operations field in numerous 
ways. These are discussed in more detail below. 
9.4.1. Theoretical contributions 
From a theoretical perspective, this study provides three key contributions as follows.  
Firstly, this research has empirically developed and validated constructs, which collectively 
represent the concept of supply chain complexity. Using the Hieber’s framework (2002), 
supply chain complexity was measured through the degree of coordination, collaboration and 
configuration complexity. These constructs have been found to be valid and reliable. 
Secondly, this PhD study has developed a new conceptual framework incorporating both the 
characteristics of product demand (e.g. Fisher, 1997; Gattorna & Walters, 1997; Lee 2004) 
and product design (e.g. Khan, Christopher, & Burness, 2008; Pero et al., 2010) as the drivers 
of supply chain complexity. This framework has integrated the previous fragmented research 
linking product demand and design characteristics with supply chain complexity. This has 
also enhanced the body of knowledge on supply chain alignment and supply chain 
complexity. 
Thirdly, this research, for the first time through a quantitative questionnaire based approach, 
has developed a supply chain alignment framework, which extends the work of several 
scholars (Fisher, 1997; Gattorna & Walters, 1997, Lee 2004; Pero et al., 2010).  This 
framework is theoretically novel in the sense that it modelled the simultaneous impact of 
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product demand and design on supply chain complexity using a structured equation 
modeling. It provided the foundation for empirical assessment of supply chain alignment 
which remained conceptual in most previous studies in the field.  
9.4.2. Managerial contributions 
From a practical perspective, this study developed a supply chain alignment framework, 
which can guide supply chain or operation managers in the assessment of supply chain 
complexity. They can evaluate whether the level of supply chain complexity of a product is 
optimal on the basis of product characteristics. Aligning the supply chain with product 
characteristics could assist practitioners to re-engineer their supply chain to the best or ideal 
level of complexity. To achieve this, firms could re-configure or adapt their coordination, 
collaboration and configuration complexity levels so that they match the requirements 
emanating from product demand and design; this in turn would potentially improve 
operational efficiency and enhance the supply chain performance. 
Globalisation is driving companies to shorten their production and delivery lead times and to 
offer more product innovative product in higher varieties at lower prices to at least maintain 
their market share. Considering the associated complexity imposed on supply chain with such 
changes in product demand and design characteristics is critical. These considerations -  by 
utilising the supply chain alignment framework in this thesis - can lead to either increasing or 
decreasing the supply chain complexity to align with product characteristics. For instance, by 
reducing the supply chain coordination complexity for products that have low demand 
volatility, executive managers can avoid unnecessary coordination costs imposed on their 
supply chain. Alternatively, by increasing coordination complexity (e.g. higher information 
sharing) and reducing supply chain collaboration complexity (e.g. higher level of 
cooperation) concerning innovative products, firms could improve the efficiency and success 
of new product development strategies.  During new product development phases, the 
appropriate level of information sharing, trust and business relationships are critical questions 
that could be tackled through this framework. Practitioners can employ this framework as a 
decision support tool to facilitate evidence based supply chain planning and management 
decisions. 
In summary, this study enlightens supply chain and executives managers on the critical role 
of product characteristics in an ever increasingly complex business arena. It also provides 
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senior managers with contextual evidence for designing the strategic paths that their supply 
chain collaboration, coordination and configuration should adopt. 
9.5 RESEARCH LIMITATIONS 
There are a number of limitations of this study and these are discussed below.  
Firstly, supply chain complexity has been studied from various perspectives. Different 
theories have been applied to investigate and theorise the supply chain complexity. However, 
there is no single approach agreed towards formulating the concept of supply chain 
complexity. In this study supply chain complexity is measured using three key concepts––
collaboration, configuration and coordination. However, there are other theoretical 
approaches to conceptualise and measure the supply chain complexity. Therefore, the 
adoption of this approach can pose a potential limitation for this research and to overcome 
this, investigating supply chain complexity by employing alternative measurement 
approaches can pose an avenue for future research. 
Secondly, the constructs of supply chain complexity are measured using a survey 
questionnaire. Use of a survey-based approach to collect data has its limitations to fully 
capture the nature of a phenomenon. Survey questions are answered based on individual 
perceptions, rather than objective measures. Survey options can be interpreted differently and 
therefore can result in biased data. However, various reliability and validity tests (e.g. non 
response bias test) were employed to minimise this limitation. 
Thirdly, according to the best analysis practices described in research methodology (Hair et 
al., 2010; Byrne, 2010; Kline, 2011) in order to analyse the optimal research model some of 
items were excluded from the measurement model. This procedure may occasionally result in 
over-fitting the research model. Therefore this approach can pose as a limitation for this 
research. Risk of drawing erroneous conclusions from data was minimised with strong 
theoretical grounding of the research model––as opposed to a data-driven approach. 
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9.6 FUTURE RESEARCH 
There are four key areas where future research will be carried out. These include: 
Firstly, the data for this study was collected from Australian manufacturing organisations 
which are increasingly showing a declining trend over the last few decades. The collection of 
data was also restricted to Australia. Therefore following up this study in other geographical 
regions could create new data on supply chain in different contexts. This study is 
concentrated in the product manufacturing environment and extension of this study to other 
industry sectors such as service industry in other regions is a potential research topic.  
Secondly, the theoretical model developed in this thesis can be adapted in further study to 
enhance the robustness of the supply chain alignment framework. For example, by 
incorporating the production lead time and delivery lead time in structured equation modeling 
could provide new insights into the complexity of supply chains. Further investigation of the 
moderating effect of these variables on the relationship between product characteristics and 
supply chain complexity can further enhance the capability of the alignment framework to 
explain the complexity of global commodity supply chains. 
Thirdly, the validated research model in this study can open new research avenues as a 
foundation to extend the supply chain alignment framework by considering supply chain 
performance measurements. By investigating the performance of supply chain in the context 
of alignment framework, this model can further explain the supply chain performance 
achieved by aligning the supply chain complexity with product characteristics.  
Fourthly, based on the previous literature, the measurement construct of product variety was 
hypothesised to exert a significant impact on supply chain coordination complexity. Despite 
this assumption in some studies (e.g. Sahin & Powell, 2005), results of this analysis did not 
confirm this relationship. This raises questions regarding this particular variable and requires 
further investigation to understand the impact of product variety on supply chain complexity. 
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9.7 CONCLUSION 
The main contribution of this study depicts in addressing the research gap by development 
and testing a supply chain alignment model that evaluates the supply chain complexity. 
Developed model incorporates both underlying factors that cause these complexities from 
product demand characteristics (downstream factors) and design characteristics (upstream 
factors).  
Results of the study illustrate that the structured model explains 71 per cent of the variance in 
supply chain coordination complexity, 65 per cent for supply chain collaboration and 33 per 
cent for supply chain configuration, demonstrating the critical role of product demand and 
design characteristics as sources of supply chain complexity. It appears that the impact of 
product design characteristics on supply chain collaboration is not direct, but indirect through 
supply chain coordination. In general product demand volatility, product life cycle, product 
modularity and product innovativeness were identified as elements of supply chain 
alignment. 
This research contributes to the supply chain research from different perspectives. Firstly, it 
enriches our understanding of how alignment of supply chains with product demand and 
product design characteristics can contribute to optimising supply chain complexity. 
Secondly, it synthesises previous studies on various alignment issues from the demand and 
design perspectives and empirically examines the impact on supply chain complexity. 
Thirdly, by utilising the analytical power of structural equation modeling, the relationships 
between product characteristics and the supply chain are tested, and this study incorporates 
both demand and design characteristics in a single model. Finally, this study enhances our 
understanding of supply chain complexity alignment by validating a measurement model to 
quantify its antecedent factors—product demand and design. Practitioners can further take 
advantage of the findings of this study in terms of strategic decisions and benchmark their 
supply chain complexity in terms of its alignment with product characteristics. 
Current trends in perpetual product innovation at lower costs along with product demand 
volatility and shortening lead times, has increased pressure and complexity on planning, 
operations and management of global supply chains. Hence, by aligning the supply chain 
with product characteristics, businesses can implement the most appropriate level of 
complexity to improve their operations to perform at an optimal state.  
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APPENDICES 
Appendix 1: Product Demand (N=273) 
 
Item 
Strongly 
Disagree 
Disagree 
Neither Agree 
nor Disagree 
Agree Strongly Agree - 
17. To what extent you agree -Sales are predictable (VOLA1) 
13 119 56 79 6 - 
4.76% 43.59% 20.51% 28.94% 2.20% - 
18. To what extent you agree -Market trends are easy to monitor (VOLA2) 
16 90 66 88 13 - 
5.86% 32.97% 24.18% 32.23% 4.76% - 
19. To what extent you agree -Sales forecast are easy to monitor (VOLA3) 
13 96 51 102 11 - 
4.76% 35.16% 18.68% 37.36% 4.03% - 
20. To what extent you agree -Sales volume are stable (VOLA4) 
23 114 66 65 5 - 
8.42% 41.76% 24.18% 23.81% 1.83% - 
21. To what extent you agree -Sales volume change rarely (Low Frequency) (VOLA5) 
16 149 55 49 4 - 
5.86% 54.58% 20.15% 17.95% 1.47% - 
22. To what extent you agree -Range of sales volume change is small (Low Variation) (VOLA6) 
17 120 86 47 3 - 
6.23% 43.96% 31.50% 17.22% 1.10% - 
Item 0 Less Than 10 10-20 20-50 50-100 More Than 100 
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23. How many versions of this product are offered at the market by your company at this point of time (Made 
to Stock?) (VARY1) 
26 142 49 15 18 23 
9.52% 52.01% 17.95% 5.49% 6.59% 8.42% 
24. How many versions of this product can be offered to customers by your company based on order at this 
point of time (Made to Order?) (VARY2) 
22 117 46 37 17 34 
8.06% 42.86% 16.85% 13.55% 6.23% 12.45% 
Item 
More Than 5 
Years 
2-5 Years 1-2 Years 3-12 Months 
Less Than 3 
Months 
- 
- 
25. How long is the life-cycle for this product? (LCYC) 
140 79 37 12 5 - 
51.28% 28.94% 13.55% 4.40% 1.83% - 
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Appendix 2:: Product Design (Product Modularity, Product Innovation, and Product Structure Complexity) (N=273) 
 
Item -Product Modularity (MODU) 
Strongly 
Disagree 
Disagree 
Neither Agree 
nor Disagree 
Agree Strongly Agree 
4. To what extent you agree -Product is designed to enable the swapping of components. (MODU1) 
37 55 48 95 38 
13.55% 20.15% 17.58% 34.80% 13.92% 
5. To what extent you agree -Product Functions can be directly added or deleted by adding or removing 
components. (MODU2) 
18 55 39 117 44 
6.59% 20.15% 14.29% 42.86% 16.12% 
6. To what extent you agree -Product has interchangeable features and options. (MODU3) 
27 42 48 110 46 
9.89% 15.38% 17.58% 40.29% 16.85% 
7. To what extent you agree -The interfaces of product components are designed to accept a variety of 
components.(MODU4) 
28 35 53 114 43 
10.26% 12.82% 19.41% 41.76% 15.75% 
8. To what extent you agree -Product components are able to accept a wide range of components. (MODU5) 
28 49 78 73 45 
10.26% 17.95% 28.57% 26.74% 16.48% 
9. To what extent you agree -Product is designed to be easily reconfigured. (MODU6) 
37 39 68 103 26 
13.55% 14.29% 24.91% 37.73% 9.52% 
Item -Product Innovativeness (INNO) 
Highly 
Familiar 
Familiar 
Moderately 
Familiar 
Unfamiliar 
Highly 
Unfamiliar 
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10. To what extent your company was familiar with -Technology (INNO1) 
125 84 49 11 4 
45.79% 30.77% 17.95% 4.03% 1.47% 
11. To what extent your company was familiar with -Engineering and design (INNO2) 
133 87 39 6 8 
48.72% 31.87% 14.29% 2.20% 2.93% 
12. To what extent your company was familiar with -Production technology & process (INNO3) 
112 99 47 12 3 
41.03% 36.26% 17.22% 4.40% 1.10% 
Item -Product Structure Complexity (COMP) Very Low Low 
Neither Low 
nor High 
High Very High 
13. Please rate the product - Level of technical component (COMP1) 
8 50 48 93 74 
2.93% 18.32% 17.58% 34.07% 27.11% 
14. Please rate the product - Level of sophisticatedness (COMP2) 
9 35 70 107 52 
3.30% 12.82% 25.64% 39.19% 19.05% 
15. Please rate the product - Level of engineering component (COMP3) 
15 31 65 117 45 
5.49% 11.36% 23.81% 42.86% 16.48% 
16. Please rate the product - Level of complexity (COMP4) 
14 30 77 116 36 
5.13% 10.99% 28.21% 42.49% 13.19% 
 
 
219 
 
  
220 
 
Appendix 3: Supply Chain Complexity (Supply Chain Configuration Complexity, Supply Chain Collaboration Complexity, and Supply Chain Coordination Complexity) (N=273) 
 
Item - Supply Chain Configuration Complexity (CONF) Category Frequency 
26. How many value-adding tiers are there in supply chain of this 
product? (CONF1) 
1=2 95 34.80% 
2=3 80 29.30% 
3=4 48 17.58% 
4=5 28 10.26% 
5=More than 5 22 8.06% 
27. How many logistics channels are there in supply chain of this 
product? (CONF2) 
1=1-2 96 35.16% 
2=3 91 33.33% 
3=4 24 8.79% 
4=5 35 12.82% 
5=More than 5 27 9.89% 
28. What is your type of partnership with key suppliers related to this 
product? (CONF3) 
1=Group 22 8.06% 
2=Alliance 51 18.68% 
3=Independent business partners 198 72.53% 
4=Other 2 0.73% 
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29. What is the geographical spread of this supply network? (CONF4) 
1=Local 24 8.79% 
2=Regional (Inner-State) 16 5.86% 
3=National (Inter-state) 49 17.95% 
4=International 184 67.40% 
30. How long do you intend to source from these key suppliers? (CONF5) 
1=More than 4 Years 166 60.81% 
2=3-4 Years 25 9.16% 
3=2-3 Years 44 16.12% 
4=1-2 Years 30 10.99% 
5=Less than 1 Year 8 2.93% 
31. How complex are the linkages of these key suppliers (Based on 
number tiers and channels they are connected with)? (CONF6) 
1=Not Complex at all (e.g. connected to few other partners through few channels) 54 19.78% 
2=Slightly Complex 90 32.97% 
3=Moderately Complex 81 29.67% 
4=Highly Complex 30 10.99% 
5=Extremely Complex (e.g. Connected to many other partners through many channels) 18 6.59% 
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Item - Supply Chain Collaboration Complexity (COLL) Category Frequency 
32. What is the type (or orientation) of business relations between you and 
these key suppliers’? (COLL1) 
1=High Cooperation 56 20.51% 
2=Cooperation 137 50.18% 
3=Coopetition (Opportunistic) 47 17.22% 
4=Competition 29 10.62% 
5=High competition 4 1.47% 
33. To what extent can you replace these key suppliers? (COLL2) 
1=Extremely Low (Sole sourcing) 21 7.69% 
2=Low 89 32.60% 
3=Moderate 91 33.33% 
4=High 61 22.34% 
5=Extremely High (Highly substitutable) 11 4.03% 
34. What is the level of trust and openness between your company and 
these key suppliers? (COLL3) 
1=Extremely high 34 12.45% 
2=High 115 42.12% 
3=Moderate 97 35.53% 
4=Low 18 6.59% 
5=Extremely low 9 3.30% 
35. To what extent you and these key suppliers' network interest and 1=Very High (Common Strategy & interest) 32 11.72% 
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strategy are aligned? (COLL4) 
2=High 83 30.40% 
3=Moderate (Common Network interest) 122 44.69% 
4=Low 33 12.09% 
5=Very Low (Divergence of Strategy & interest) 3 1.10% 
36. How similar is the business culture of these key suppliers to your 
company? (In terms of corporate culture, size & structure) (COLL5) 
1=Highly Similar 36 13.19% 
2=Similar 93 34.07% 
3=Moderate 99 36.26% 
4=Different 40 14.65% 
5=Very Different 5 1.83% 
37. To what extent you and these key suppliers have influence on each 
other’s supply chain (logistics) decisions? (COLL6) 
1=Very significant influence 19 6.96% 
2=High influence 67 24.54% 
3=Moderate influence 127 46.52% 
4=Low influence 54 19.78% 
5=No influence 6 2.20% 
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Item - Supply Chain Coordination Complexity (COOR) Category Frequency 
38. What is the level of information sharing between you and these key 
suppliers? (COOR1) 
1=Very low (limited to the needs of order execution) 23 8.42% 
2=Low (forecast exchange) 54 19.78% 
3=Moderate (order tracking & tracing) 80 29.30% 
4=High (sharing inventory/capacity levels) 105 38.46% 
5=Very high (as required for planning and execution) 11 4.03% 
39. How often consumption amount of products requested from these key 
suppliers varies? (COOR2) 
1=Very rarely 24 8.79% 
2=Rarely 63 23.08% 
3=Some times 127 46.52% 
4=Often 48 17.58% 
5=Very often 11 4.03% 
40. What is the integration level of logistics processes between your 
company and these key suppliers? (COOR3) 
1=Very low (mere order execution) 33 12.09% 
2=Low (integrated execution) 91 33.33% 
3=Moderate (vendor management inventory) 87 31.87% 
4=High (collaborative planning) 51 18.68% 
5=Very high (integrated planning & execution) 11 4.03% 
41. How independent are you and your key suppliers, in making logistics 1=Highly Independent (Self-directed decisions) 35 12.82% 
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decisions? (COOR4) 
2=Independent 125 45.79% 
3=Moderate (Local decisions with central coordination guidelines) 59 21.61% 
4=Dependent 39 14.29% 
5=Highly Dependent (Led by strategic center) 15 5.49% 
42. What is the extent of long term orders with these key suppliers? 
(COOR5) 
1=Very Low (Regular purchase orders) 21 7.69% 
2=Low 64 23.44% 
3=Moderate 87 31.87% 
4=High 69 25.27% 
5=Very High (Long term blanket orders) 32 11.72% 
43. What is the degree of communication between your supply chain 
multiple tiers and channels? (COOR6) 
1=Very Low (single contact for the transaction) 26 9.52% 
2=Low 47 17.22% 
3=Moderate (supply chain manager) 109 39.93% 
4=High 74 27.11% 
5=Very High (multiple contacts between levels & channels) 17 6.23% 
44. What is the extent of information technology used between you and 
these key suppliers? (COOR7) 
1=Very Low (To support internal processes) 32 11.72% 
2=Low 66 24.18% 
3=Moderate (EDI) 96 35.16% 
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4=High 53 19.41% 
5=Very High (SCM Software) 26 9.52% 
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Appendix 4: Other Responses (N=273) 
 
 
Item Category Frequency  
45. What is the average stock-out rate or late deliveries for this product? 
1=Less than 2% 119 43.59% 
2=2-10% 102 37.36% 
3=10-30% 33 12.09% 
4=30-50% 7 2.56% 
5=More than 50% 12 4.40% 
46. What is the average margin of forecasting errors/problems for this product at the time production is committed? 
1=Less than 10% 145 53.11% 
2=10-30% 80 29.30% 
3=30-50% 41 15.02% 
4=50-80% 4 1.47% 
5=80-100% 3 1.10% 
47. What is the average production lead time required for your products based on an order from your main 
customers? 
1=More than 1 Year 26 9.52% 
2=6-12 Months 22 8.06% 
3=3-6 Months 59 21.61% 
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4=2-12 Weeks 117 42.86% 
5=1-14 Days 49 17.95% 
48. What is the average delivery lead time required for your products based on an order from your main 
customers? 
1=More than 1 Year 22 8.06% 
2=6-12 Months 26 9.52% 
3=3-6 Months 43 15.75% 
4=2-12 Weeks 103 37.73% 
5=1-14 Days 79 28.94% 
49. What is the contribution margin of your most important product? 
1=Less than 10% 57 20.88% 
2=10-30% 127 46.52% 
3=30-50% 65 23.81% 
4=50-80% 18 6.59% 
5=80-100% 6 2.20% 
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Appendix 5: Kolmogorov-Smirnov (K-S) Test of Normality 
Variable Statistic df Sig. 
To what extent do you agree -Product is designed to enable the swapping of components. (MODU1) .233 273 .000 
To what extent do you agree - Product functions can be directly added or deleted by adding or removing 
components. (MODU2) 
.280 273 .000 
To what extent do you agree -Product has interchangeable features and options. (MODU3) .264 273 .000 
To what extent do you agree -The interfaces of product components are designed to accept a variety of 
components. (MODU4) 
.267 273 .000 
To what extent do you agree -Product components are able to accept a wide range of components. (MODU5) .174 273 .000 
To what extent do you agree -Product is designed to be easily reconfigured. (MODU6) .233 273 .000 
To what extent was your company familiar with -Technology (INNO1) .270 273 .000 
To what extent was your company familiar with -Engineering and design (INNO2) .279 273 .000 
To what extent was your company familiar with -Production technology & process (INNO3) .242 273 .000 
Please rate the product -Level of technical component (COMP1) .234 273 .000 
Please rate the product -Level of sophistication (COMP2) .240 273 .000 
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Variable Statistic df Sig. 
Please rate the product - Level of engineering component (COMP3) .262 273 .000 
Please rate the product - Level of complexity (COMP4) .253 273 .000 
To what extent do you agree - Sales are predictable (VOLA1) .276 273 .000 
To what extent do you agree - Market trends are easy to monitor (VOLA2) .213 273 .000 
To what extent do you agree - Sales forecasts are easy to monitor (VOLA3) .244 273 .000 
To what extent do you agree - Sales volumes are stable (VOLA4) .259 273 .000 
To what extent do you agree - Sales volumes change rarely (Low Frequency) (VOLA5) .332 273 .000 
To what extent do you agree - Change in range of sales volume is small (Low Variation) (VOLA6) .265 273 .000 
How many versions of this product are offered at the market by your company at this point of time (M... 
(VARY1) 
.316 273 .000 
How many versions of this product can be offered to customers by your company based on order at this... 
(VARY2) 
.265 273 .000 
How long is the life-cycle for this product? (LCYC) .298 273 .000 
What is the average stock-out rate or late deliveries for this product? (STOT) .258 273 .000 
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Variable Statistic df Sig. 
What is the average margin of forecasting errors/problems for this product at the time production is... (FOER) .317 273 .000 
What is the average production lead time required for your products based on an order from your main... 
(PLTI) 
.270 273 .000 
What is the average delivery lead time required for your products based on an order from your main c... 
(DLTI) 
.265 273 .000 
What is the contribution margin of your most important product? (CMRG) .271 273 .000 
How many value-adding tiers are there in this product’s supply chain? (CONF1) .227 273 .000 
How many logistics channels are there in this product’s supply chain? (CONF2) .271 273 .000 
How long do you intend to source from these key suppliers? (CONF5) .370 273 .000 
How complex are the linkages of these key suppliers (Based on number tiers and channels they are con... 
(CONF6) 
.204 273 .000 
What is the type (or orientation) of business relations between you and these key suppliers’? (COLL1) .301 273 .000 
To what extent can you replace these key suppliers? (COLL2) .199 273 .000 
What is the level of trust and openness between your company and these key suppliers? (COLL3) .240 273 .000 
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Variable Statistic df Sig. 
To what extent are you and these key suppliers' network interest and strategy aligned? (COLL4) .251 273 .000 
To what extent are you and these key suppliers have influence on each other’s supply chain (logistics) de... 
(COLL6) 
.249 273 .000 
What is the level of information sharing between you and these key suppliers? (COOR1) .233 273 .000 
What is the integration level of logistics processes between your company and these key suppliers? (COOR3) .202 273 .000 
What is the extent of long-term orders with these key suppliers? (COOR5) .165 273 .000 
What is the degree of communication between your supply chain multiple tiers and channels? (COOR6) .220 273 .000 
What is the extent of information technology used between you and these key suppliers? (COOR7) .178 273 .000 
 
 
 
 
 
233 
 
Appendix 6: Step by Step Data Analysis 
 
